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Introduction: Pomegranate has many secondary metabolites such as tannins and phenolic compounds,
which have various properties such as antimicrobial, antioxidant, anti-inflammatory, and immune system
stimulating effects. The amount of tannin in pomegranate skin has been reported up to 20.6%. The limiting
effects of tannins can be related to reducing the use of nutrients, especially protein, reducing growth and
performance, reducing palatability and feed consumption, and reducing the activity of digestive enzymes. In
addition to the anti-nutritional effects in high concentration, the positive impact of dense tannins in optimal
concentration includes improving live weight gain, preventing flatulence, increasing milk production, reducing
intestinal nematodes, and reducing the production of NH3-N and methane in the rumen. Therefore, the present
experiment was carried out to improve the nutritional value of pomegranate peel as a tannin-containing edible
material by treating it with some tannase-producing bacteria for ruminants.

Materials and Methods: Pomegranate peel was treated with tannin-degrading bacteria including Klebsiella
pneumoniae and Acinetobacter (isolated from deer rumen), Lactobacillus fermentum (isolated from Najdi goat
rumen), and commercial Lactobacillus fermentum, and its nutritional value including chemical composition,
digestibility, and fermentation ability alone (first experiment) or as a combination in a standard fattening lamb
diet (second experiment), with two-stage digestion method and gas production test were studied. In the first
experiment, five experimental treatments included 1- Pomegranate peel without treatment (control treatment),
treatment 2 to 5- Pomegranate peel treated with each of the four tannin-degrading bacteria. The five treatments
of the second experiment included 1- Diets containing pomegranate peel without treatment (control treatment),
2-5- Diets containing pomegranate peel treated with each of the four tannin-degrading bacteria.

Results and Discussion: Applying tannin-degrading bacteria reduced the tannin in pomegranate peel
(P<0.05), which is caused by the tannin-degrading bacteria. In an experiment of ensiling and adding
polyethylene glycol and urea to pistachio hull for tannin removal, total tannin decreased. The concentration of
total tannin with the potential and rate of gas production, truly decomposed organic matter, microbial biomass
production, and microbial biomass production efficiency improved in pomegranate peel treated with tannin-
degrading bacteria compared to the control (P<0.05). Perhaps the reason for the decrease in gas production
potential in the control treatments compared to the treatments treated with bacteria is their higher amount of
tannins, because tannins and phenolic substances by forming bonds and complexes with nutrients such as
carbohydrates, proteins, reduce the availability of microorganisms. Ruminants to them and as a result reduce
their decomposition. Similar to the results of the present experiment, other studies have also shown the positive
effect of tannin removal on the improvement of gas production parameters. NH3 concentration and population of
protozoa of pomegranate peel treated alone and in the diet increased compared to the control (P<0.05). The
reason for the increase in NH3 concentration and protozoa population after degrading the tannins with bacteria
can be the presence of tannins and polyphenolic compounds in this edible material. By binding to protein and
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reducing the rate of protein decomposition, tannins reduce the concentration of NH3, on the other hand, these
structures lead to the rupture of the protozoa cell membrane, the inactivation of enzymes, and the reduction of
the substrate needed for cell metabolism. The percentage of digestibility of dry matter, NDF, and ADF of
pomegranate peel processed alone and in the diet with tannin-degrading bacteria increased compared to the
control (P<0.05). Due to the reduction of the tannin level by the isolates, the activity of proteolytic enzymes has
probably increased, and releasing nutrients from the binding of tannin, has improved the digestibility of the
materials. An increase in cell wall digestibility has been reported as a result of treatment with tannin-degrading
bacteria in laboratory conditions. Gas production potential and rate, separation coefficient, microbial viable mass
production, and microbial viable mass production efficiency were improved in diets containing processed
pomegranate peel compared to the control (P<0.05).

Conclusion: The use of tannin-degrading bacteria in the processing of pomegranate peel by reducing the
tannins concentration led to an increase in the digestion and fermentation potential of pomegranate peel and diets
containing pomegranate peel processed with tannins-degrading bacteria compared to the control. Therefore,
considering the positive effects of processing pomegranate peel with tannins-degrading bacteria, it can be said
that processing it by reducing tannins is a suitable solution to improve its nutritional value.

Keywords: Ammonia nitrogen, Chemical composition, Digestibility, Gas production, Protozoa population,
Tannin-decomposing bacteria.
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Barley grain

Oyd iy 35 35
Corn grain

by dlos 15 15
Soybean meal

M o 20 20
Pomegranate peel

- 0.5 0.5
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Vitamin and mineral supplements?
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Chemical composition (%)
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Organic matter

N 1271 12.60
Crude protein
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! Tannins-degrading bacteria include Klebsiella pneumoniae and Acinetobacter isolated from deer rumen,

Lactobacillus fermentum isolated from Najdi goat rumen, and Commercial Lactobacillus fermentum.

2 Premix contained (per kg): Vitamin A, 500,000 1U/mg; vitamin D3, 100000 1U/mg; vitamin E, 100 mg/kg;

Ca, 180 g/kg; P, 60000 mg/kg; Na, 60000 mg/kg; Mg, 19000 mg/kg; Zn, 3000 mg/kg; Fe, 3000 mg/kg; Mn,

19000 mg/kg; Cu, 300 mg/kg; Co, 100 mg/kg; Se, 1 mg/kg; I, 100 mg/kg; antioxidant, 400 mg/kg; carrier,

up to 1000 g.

SNDF: Neutral detergent fiber, ADF: Acid detergent fiber, ME: Metabolizable energy
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Table 2- Chemical composition of pomegranate peel and diets containing pomegranate peel treated with tannins-degrading bacteria

b Lo

Treatment

" ogldes sl odlatl 350 (slas S,

Bacteria used for treating®

() iio oo

sl 55Y :
Nutrient (%) Jals ) :L.;\A;,;};;‘A)é ”’1’”4’"{* SEM Prvalue
Control? T(T ’; MTI“K 25 piieus] ol < ﬁ:” ’Tl"j
ebsiella : . Lactbacillus
pneumoniae Acinetobacter I}Z(r:rt::nctllljlrlrj]s fermentum
Commercial
(Isolated) ( )
B“‘n:;;er 68.50 70.900 70.75 69.20 69.50 0.960  0.40
ry
f“CB i’fae,n 2.95 2.40 2.85 2.87 2.83 0.416 0.50
rude protei
$F3ww 2 Jsbeell S 2574 25.47 2573 2573 25,63 0409  0.90
i;‘;ww 2 ol SU 19.70 19.40 19.64 19.61 19.62 0471 0.90
5o 12 472 8.31P 8.63P 8.40° 8.450 0.580 0.03

Total tannins

b pstinsd uglasl 5V 5 (009 b 4aSid jlond (gilaliy pationd uplusl 5TV (58 aneSid jlosd (gilubiy 55D st g diipagy Mowels” Jold (U 0180325 (slacs S

A 5)5]Jo.c Hul wyv
lgn (P<e/+0) Joiine caglite gy L ciud) y 5 (slapSibe olis 3D
Loy Sibe 3,5kl (glas :SEM

! Tannins-degrading bacteria include Klebsiella pneumoniae and Acinetobacter isolated from deer rumen, Lactobacillus fermentum
isolated from Najdi goat rumen, and Commercial Lactobacillus fermentum.

2 Control: untreated pomegranate peel,

ab Means with different superscripts in the same row differ significantly (P< 0.05).

3 NDF: Neutral detergent fiber, ADF: Acid detergent fiber
SEM: Standard error of means;

bl 1y jlade i digests s
Jmos s slajless 3 5L Ay Jesly ials s lo
e U JMe (6355 b oad (6l Jos (slyless & s (5]
dga b puSlieS g Ligmy JuSits b (Ji8 g g byl 1 sy |
sk gL dnsy Ll oo «yingy S Jold (side
oialS el Shamg S g (i oS i w3l 5 5L
byl 525 GRals coms )3 9 bl 4 Sl Lk (g o
(Patra and Saxena, 2010; Abarghoyi and 553
58 wJe yilzel dU .Rouzbehan, 2015; Sharifi et al., 2019)
UL oS agr (6L 4l odims i odd gyl e (sbyylows 5o
Gl il (90 4358 caw 4 Ul Cavgy 0 9 Hlade Lials jo
(Tanetal.,, Lwg) oLS zlyseiul JoB oS1, e slapl (s)lee
5 Ol 008l sl gL calis (glaay g cJlab 5 2011)
5 o ol b eatilegl 53 ol oy Sl & s M55 Sl
L ol o] (23000 &8 5 ot s (U ) (58 i) o

Sl slac a5 Jll Cuugy SIS aal gl £ 53 9 Jawally
CRU ouisas T slags SiSbs b oudd 5y gTdas HU Cougy
cdriposy Heuels) PUS oaiiS a5 clais Sl oolil
5 )L poiia)d uphwlgSY S L piisiw] iliseo SlaaigS
M sy (55l Jos 53 (52 408 3l osdliz pptip 8 ushwlprsy
9 Jeily (P<+/+0) ialjdl eel bl (SThos o3lo plyicas
(crglos cigts Ul Cungy) 10ls 4y Cnsd Sl gy S5 05 ¢
(¥ Jgi) 23
AU U eriSan 28 (slasS L b bl Covsy 559l Jos
Bl ey sole laoy S5 My £ 9 Juwily 2 6)lixe
3y Jamily (7 Jaz) udl a0 2 4y Sl 0d g9l Jos
Oy (P<o/+0) 39yt dald dy Cond oy dad 55
L oas (ssl dos Ul gy (g5l (slooyx 1o 55 adg ol
3 9% Ol o 3l b osalitio ST phiwl 5 diposdy HewolS



Y.y e b 6l (il susaS s 5 s ySL 31 eoliiwl oyl yon g 15T ke

15 2017) 30U 4 e 55 s 65 g Jsmilty Lialél el cogl 5
(yarahmadi et al., (sd—is (=hjeb b (oy9l Jos (ol (o yomsl)

b oaiiS 4 5 las Sl b oad (6yslJos 5bl Cangy (ssls (slaoy g )bl Cungs S g5 £ 5 il =Y Jgaa
Table 3- Potential and rate of gas production of pomegranate peel and diets containing pomegranate peel treated with tannins-
degrading bacteria

b jloss
Treatment
'ogldes sl oolitl 350 slacs S
Bacteria used for treating®

o i
Vgr*i‘;bles b s skl Y ptie puskd gy SEM - P-value
Control? posiy Howels gy, o (sl e
Klebsiella Acinetobacter Lactbacillus Lactbacillus
pneumoniae fermentum fermentum
(Isolated) (Commercial)
bl Cawsgy
Pomegranate peel
B My Jewsily
Gas production 53.03° 67.442 61.372 65.642 68.222 3.44 0.04
potential (ml)
55y &
Gas production 0.02° 0.042 0.052 0.042 0.052 0.005 0.13
rate (ml/h)
)Lv'l wy LS?L'> 0 yu>
Diets containing pomegranate peel
g5 Jemiliy
Gas production 55.77¢ 91.412 91.452 75.34° 81.60% 6.14 0.003
potential (ml)
JLENP RSt
Gas production 0.05° 0.05° 0.05° 0.07% 0.102 0.012 0.047
rate (ml/h)

)l pstiogs ophesl 55 g 038 51 4SS Sl 0ad gilulie ptiond uphack 5TV (0365 eSS jlonds (g3l WD sl 5 diigosty Hoaerls Jolis (5 0riS o5 (lag ST
O gl sloy g oxis (559l Jae U gy
sl o (P<1+0) Jlaiine glise g b i3,y 53 slagSibe ogles P
Lo Sle 5kl glas :SEM
Tannins-degrading bacteria include Klebsiella pneumoniae and Acinetobacter isolated from deer rumen, Lactobacillus fermentum
isolated from Najdi goat rumen, and Commercial Lactobacillus fermentum.
2 Untreated pomegranate peel and diets containing it.
ab Means with different superscripts in the same row differ significantly (P< 0.05).
SEM: Standard error of means
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Table 4- Fermentative parameters of gas production of pomegranate peel and diets containing pomegranate peel treated with
tannins-degrading bacteria

Lo Lo

Treatment

' ogldes sl ool 250 slags 35T,
Bacteria used for treating®

oy shesl 55Y . -
Variables Joli :\_‘,1_\? psiiayd st pusbot sy SEMP value
Control2 ~ *%* . e e " &b
Klebsiella : . Lactbacillus
. Acinetobacter | actbacill
pneumoniae actbacillus fermentum
fermentum o mmercial)
(Isolated)

Pomegranate peel
04 4y 150 L§l9 LJ‘ o3lo
TOMD" () 15255  173.90° 156,05 152,35 163.55% 459 0.04
P?ﬁmﬁ:nl) 4.97 7.20 5.27 5.50 5.43 1.02 0.64
;’Bf"(” *‘)) 22y Wy 71.38" 118.88° 71.61° 86.96 94.78b 1436 0.029

mg
ﬁ);;"g/")“”s i o23k 46.01° 68.17¢ 46,63 57.06 57.56 8.56 0.45

0

LUl Cowgy ‘55l> 0y
Diets containing pomegranate peel
FXWIPVRCTY [ ] 7o
T“Sl\‘;g‘; (L;; )‘9' L 150.85°  172.30° 158,05 178.30° 185.15° 448 0032
P‘jF'f“’;rn“;‘/L:nl) 3.45 3.77 3.56 3.01 4.76 0621 062
ﬁsf? *‘)) 22y Ay 53.85¢ 7150 59,84t 77508 90.48° 429 0045

mg
;58’:; (;’) o398 g o3l 31.77° 41.44 37.98% 43.04° 52.15 450 0.68

0

potiod poplel 5 5Y g (5320 5 a8 Sl 0 (g3l mptiogd uplsh Y (365 4aSd jloads (g3l J5T pti] § diipapy Muunls” Jold U oS 328 slacs St

sl

ol sl sloo e 5 00 (gl Jos U gy

Al o (P<e1+0) s sime Sglisie By by cindy yo yd (slacySibe cglis &P
Sl 3,5kl (sl SEM

! Tannins-degrading bacteria include Klebsiella pneumoniae and Acinetobacter isolated from deer rumen, Lactobacillus fermentum
isolated from Najdi goat rumen, and Commercial Lactobacillus fermentum.

2 Untreated pomegranate peel and diets containing it.
3 TOMD: Truly organic matter degradability; PF: partitioning factor; MB: microbial biomass production; MBE: microbial biomass

production efficiency.

ab Means with different superscripts in the same row differ significantly (P< 0.05).

SEM: Standard error of means.
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Table 5- In vitro digestibility of pomegranate peel and diets containing pomegranate peel treated with tannins-degrading bacteria

b jloss

Treatment

' ogldes sl ool 250 slags S,

Bacteria used for treating®

() o yoice sl 55Y
Variables (%) wls o :L"IJ?P}L’F w;éw.b;fﬂf SEM  P-value
Control2 ~ *2%% 7= 5 gl ot b paieyd
Klebsiella ey . Lactbacillus
. Acinetobacter | actbacill
pneumoniae fz(r:rtn:nctlurlrj]s fermentum
Commercial
(Isolated) ( )
bl Cawsgy
Pomegranate peel
b thqt 65.07° 69.492 72.152 75.022 73.76% 2.02 0.040
ry matter
55 0diypd ) Joloeel GUI
“N";Fr 25 Jpbe S 60.27° 61.76b 61.67 67.022 64.242 0.968  0.002
Sow] 00 g5 4 (PN
:E;F* 1952 Jyel S 58.44° 59.75% 59.16° 62.97 62.932 1.09  0.030
)Ul C,w;y dﬁb 0 yu>
Diets containing pomegranate peel
Kiid odlo
b it 64.06°¢ 66.27° 65.54¢ 70.142 69.70? 0.82 0.03
ry matter
5 0006 4 (1N ]|
;;F“ 255 2 Jsbneli S 57.59b 61.49° 60.222 60.98% 59.822 0.850 0.01
Sowl 04 95 4 L Ul
o bl 54450 59.79° 55.40° 57.37 56.81° 0.720  0.009

potiod puplel 5IY 5 (5359 5 a8l osd (giluli pptiond uphurl 5T (55 a8l osd glulin T st g diipapy Mouunls” Jols 36 0aiS 4y o5 slags ST

sl

o ol slao g 5005 gyl fos Ul Cansy

Ao (P<o/40) s gxe ciglite Cgpn b Cindy yo p3 (slayyuSile coglis a-b
L‘b‘_).«itlm A)\Aﬁl:.wl JU45 SEM

! Tannins-degrading bacteria include Klebsiella pneumoniae and Acinetobacter isolated from deer rumen, Lactobacillus
fermentum isolated from Najdi goat rumen, and Commercial Lactobacillus fermentum.

2 Untreated pomegranate peel and diets containing it.
3NDF: Neutral detergent fiber, ADF: Acid detergent fiber

ab Means with different superscripts in the same row differ significantly (P< 0.05).

SEM: Standard error of means
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Table 6- Effect treating of pomegranate peel with tannins-degrading bacteria on the concentration of ammonia nitrogen,
ruminal pH, and protozoa population (x10%) in gas production experiment

IO
Treatment
' agldes (gl oolitl 250 slags 7S,
oyt Bacteria used for treating®
Variables b s Y oo et sy SEM - Prvalue
Control? digagly Mols” b g odd (gjlwli> ppiio,d b
Klebsiel!a Acinefobécter Lactbacillus Lactbacillus
pneumoniae fermentum fermentum
(Isolated) (Commercial)
Pomegranate peel
el g 20.85 35.63° 25.28 21.35 24.26° 198  0.0001
NHz-N (mg/dl)
pH 6.30¢ 6.522 6.43¢ 6.552 6.48 0.167  0.0008
Lligan JS 9.50° 10.0° 9.75° 13.50? 10.75P 0.459 0.002
Total protozoa
Diets containing pomegranate peel
Fligel 0a 17.96¢ 23.33 22.57° 28.222 22.01° 0.05  0.0001
NHz-N (mg/dl)
pH 6.31°¢ 6.42° 6.40° 6.40° 6.512 0.012  0.0007
Lligsn JS 9.50¢ 14.50? 9.50¢ 12.50° 11.50P 0.500 0.003

Total protozoa

potiofd puglaol 55N g (5125 51 &Sl Jl 00 (gjluliz pgiie b ughasls GV (555 4SSl b (gluliz 5T sl g diiposts Ml ol (56 0aiS w325 (gl 8L
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ol sl slooye 5 00 (65l Jas Ul sy
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! Tannins-degrading bacteria include Klebsiella pneumoniae and Acinetobacter isolated from deer rumen, Lactobacillus
fermentum isolated from Najdi goat rumen, and Commercial Lactobacillus fermentum.

2 Untreated pomegranate peel and diets containing it.

abc Means with different superscripts in the same row differ significantly (P< 0.05).

SEM: Standard error of means;
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