%&)ﬂ’f}ﬁ;"‘:&"
OB jlgBuid )3 g3y 4 guiid

IFAD co ke 0)lowd ¢, Lo >
http://ejrr.gau.ac.ir

oSl (50 BT GBS ) Ay (o8 9 DY gano il

"oi a8 L jale g o0 guul saal Joulj g Ld ) Gl yols awbis” (g 585 waaa
eSS ¢ w055 bl e 33 h ol 81 (g5, 5LES e aiils (ol r)l; 05,5 ol -t ‘_;ﬁ;..';.'.\s‘
Agin Lf“'jbj'é SKisls ‘é‘z’ﬂ" oA iils 465})}@}3@ c}ﬁ JL::.J'; (Agin gf“’jbfé S ‘C}L&
DAY 15y s QDB T 1dl s oy 0

oS>
g 0SS o 85 01l (BL8) e ol (95,508 5 106 ol Ll 3l :dud g alsluw
SN pamme 53 U 5 A8 DS 5 W gl g5 Il nl b3l e Olgr s (Pistachio vera)
L}JJJK.:AMmﬁ;?c,.é;_-.,\.:.&,au.at:f:l,ag\j;p‘u.ﬁ;‘-lébhdu):u\,\::\éjf)ljj@j;)j»dlg.\i}w
Jj_?}u_-'-‘l_"l‘_‘;l‘fﬁ w)"d’.‘.ﬁ}j—léﬁ‘l—lq—l)’ﬁ Mgdwg\js\dbbﬁx‘a“&ﬂ
A S e e slse il (sl SlanS a5 Al o WOT dhs 4 LB 6 plan SIS

g 23 N s B S s Saa Ll i 0 S b G T s el i g g dlge
g (23 DV e i ) 53 il e e a0 Sl eSS s Sl Ctilas
ot DS 5 5 Sslize 6 Ol b ool B ol (55513 IS sl by 5 by ol > b
35 e Pl el 5ol (IS anS 4 55 ol VY Gt bjlas s 335 Lol 0L
N game GBJ yr da b sl pss i s S s e O3 a Jeate sl esS 15 S
P sl il a5 ad el (4aS ) 22) oo ol G el lacdles ey o3

abasalin@yah00.com @\ J s

9



OS2 9 (5985 e

AR Lgu:)sg)}.:wlﬁijlQ&L»Y\‘)'lﬂj%;ﬁaulwkcchla.ﬂwﬁwu_pj.éayjm
P Sl s i s plandl 5l a8 (6 S50 0T s e 5T slacdlad 31 S sle s
QJ}N)L@J)W‘U\J:J J)M.GU@)L.&&))M@}& 6L°ﬁfi‘;tjwj4;‘“‘!g;°ﬁ QYW
U sl sslas sk 5l ol aaSls wl it g 5l e Al e ol 53 g (el cdled I L
AR LgL»:);QﬁmlﬁiﬂQ&L»Y\‘)'lﬂj%;ﬁaulwkcchla.ﬂwﬁwu_pj.éayjm

A 6ol Lol 55 e 5l glacdlas ol sl 4> 3

L o305 5 sVosker e (oS 50 S (305 2 slacIled Ol it (Saan o 5 00 VL AL
5 Ml S s Olan xte (Sian S Sl J 55 cpl o Sdls s S 56 g 5 oS30 0
csialosl lasles 53 b Olsme 2l L Jiolesl Jol Jise 53 dd sl b LS 5 Calises slaiso
Sl an Jate slan sl Sn IS 55 o8 (315 5 5Voke Jite (S 50 S (g5l 5 slac Il
3Vl s Ll 4l il 33l glde 3 o Some VLGSl (511 lantlls Koo 53 a5 olde
VLG (s GlapmslEls Sor 53 (3l 5 (SIS 355 lacdlad poman (3L 2alS Lao]
5 5m M SL3 & s 5 1Sove S (513 sl 5l Sn 51 5 ol e D3 4 (S
Vs e (S 55 (el (355 o BT sl Sled ojlaas o 1L hlesT p s i
= i S gl a2 SN puams 56 s e 0L S Sl 2 (gl sms b 4 (3B
Gl 5 et 53 il e (aaSCE ) Sk o i s Y sl 5T s
Gols e sb o (3005 5 sV sk e oS S (5Nl (5350 o BT SaC IS ol o
Slap sl (SauSlen e S5l s iy o3 OV puamn Glasil das e OLES S 3L RalS

RIS N PR WY
w&\jdaﬁozﬁbbwqi}lk:}lwf}&ywéﬂ;owwbw\@u:dxsw
SalS G b 3l s ol Ay e 4 aS (58 OB Sl et 3 w3 glac Il Cos o
lam sl okl 35 b 3T (3lasll 5 a5 ,Kn 2 31 i sy Ll 515 Seco s 20

Aas e ol Lol s 5 Jsko o=

Yy



YA (F) olowd (F) B0 ,lgdeuis 13 kg3 dy paid

Aoddo

Sl Sl (5 S s ST (s S Glac S s Soe g Slal 5l S
w3 Sy abard la S50 51 galas il e 4aSd e e Olaily 2153
35 3 S Ll bledds b me Sy G rme Oladily 5 5ug 5 Ay 350 g OBULS ) 5
o () LS 5 5T w0 oL 8L Cglin (il 5 Sl SV a3 plewd laedle 5L
L olals aS coul oad osls OLis .ol e.l_iJ;‘)_‘)‘r)k_.w b S 558l Sy p Gt
b glacd sl 51 golaas 5 s 5506 s sl o 5U dauslul sl alS claeslas
L35 o 23S Samex 3l ool los S (IS b 4aSld e e 35 o LS
.(FY)

@3l ol fxils baS sl o U J5Se 055 b ool s Jioms S5 L sla ek Ll
L S e an 5 Lagntin o L ojsan oSS LS5 b b (J b oS s0m glaoy S
LS 5 Olmean Il 53 Lol (Y 50A) Wsls 1) badead sl 5 658 o g el yn 0 S
die | LS b JLsb slse Ol ey ot Sladla s bl 0 S 513 a5 5 50 (sleg i 0
53 s St SRl Oszen S GLls 45 Wledd (B me 05 Son e (225 )
3 gy e 0 53 (Al sy S e W0 sike Il Sl niles 5 i S G S sl Sl
= P ke Sl sy pl b gl e )5 s Shes 5 Jaedd 5 s Slas (ol A5 O 05
OY) ol odzs ol JolS sk 4 Gl 5 Shas 5 (glanasls (i 55,

e sl il (gl (lenS g S o WO s 0 U S olaeilSe
e ed 3l Cmilen Jald Jp8 LB gl el 55y opl b o (pds, oS 55k 4 335
o2 e 3 .(m,m.u;p&wduwtfjbﬁ,aﬁw;uwﬂ)@ s o 4
Jasl s by oSl o bl oS diles S0 218 i s (ol 5l
S s b 51 A) s e S lil Jobe gbe)l s 4 4aSs SlapunsE 15 S
o el Son o s RS o a5 Ohda s S L Lapsl sla o ShaS

G g pewd Ll 5 e aS LSb eSS sl Julse S La il omen (YF) 350 0 (gdRe 350

1- Phytochemical

ay



OS2 9 (5985 e

AFA) s alS 1) aeSla (gla sl ls Ko Slor 5 s (gl Sl 0550 ol (55 Lo
o3ls STy (sl o s b SL wa) o Sor Slape 5T b il 5 o il e mu 5T 5lge 3550 3
Y 518) W3 S ol el 2alS b5 ciles o

L;J\Ju:\f&:»‘lj4.‘4“4-,::ﬁng;J&a.,r\:QJ&JJL;))}USGwchAQYW)‘\m@\
5L e 5 batilany opl CBUI 51 ol a3 Jamen (ST 51 (S e i 55 5 ol Sis s
(YO NY) il Gl S5l (g5,5L08 Juus mle Gladilons 035 () 4 5m sl o
Siaslis 5 lie ouju)uié_,b.up&wdgtz N s 1 S a5 Y paes
0% 350 48 Sl 035 o5 Jla Foe sl Jio Ol 53 atey W5 Olpee (Vo)) 51) o Oloslr
f.lf_\‘U\/YO&:}MA{MJ@é‘_;Lmsjﬂjéw.(Q)zyin»Li\)QL@_zM«\.p):
For Sl G Ol 5o aney Cdls 5l ol o 3 OV eame Ol ol by () Gl (55158
5 S daig Bl g )l 5 iy Jols o el nl s 035 e 5 U
VOIAY (g5l 03,50 3 cpl s sn 3158 o A1 5 (0) il o s diws 5 she Sl slis
.l_.p).s\"/\/a‘(NDF)rilwe)lﬁJMﬁYO/“ c Sl oslas Ao FAD b S Ao s
N ymmen () il o St o3la 3 H6 doys ¥I0 5 (ADF) "yl sen 03y sk ol
ST Les oo OB Sl et oo 3 eslital (1 ol Gl 5 SES Doy oo 4y Ay 2 b
el at gy ol V0wt a6 (g L5 55055 (VAAY) 0L Kas 5 sl (Y
53 DS 5 15 S e amlpe dn 5 b Sl STyt 1 0T G e alles nl 5 o
(V) b 55e anaSs Glacs S clad o dSls o OF 53 35 4o

L dls ool b oo 5T 5028 5 ala jisn 53 iy o3 Y gaams 5l oslizul 4 S
ol s (Ysb 5ol O ae (P ke pll diles gl dias Lol ge s 4 a5
N s Sl oy g bl e Gda 103G a2dls oy sdos ol Sae 25 J geamms
SN yame O S iy oLl U b dsl e 4eSs ool glacdls 5l 2 5wy o3

.:.\,Jfr.ab_é;)@.x;ﬁ)\ﬁ;qj&.?): Y game ol 5l es 1S eslitul gl ol aty o3

1- Peduncle
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3- Neutral Detergent Fiber (NDF)
4- Acid Detergent Fiber (ADF)
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1- Total Phenolics (TF)

2- Total Tannins (TT)

3- Condensed Tannins (CT)
4- Polyethylene Glycol (PEG)

0



OS2 9 (5985 e

ol Al il s P SN s by L PEG 05 5as 6l (61 ) (F 5Les) PEG s )
Lol Jyams 4 50l o L3 #r a0 SN guams Cusby il gl 5lissse o 43 PEG
035 03 sl 3 B ey e b Y s e el 3 oS ol S5 oY (a8
Slasles (sl 5l e bas Ol e e ) Sladad 3101 L 5 S LolS ) sboas a5
33 Sl i s b &S A o3ls 15518 il am s ¥ les 3 Ol 3 3y oad b b, Sl
o) FeS AVEY 5 5) St eale Ol L(WV) dw s Bl w0 36 e 5 GG Ol e
Osee (1) A (5, Se3Iul (Y2 00) AOAC bl s laslas (Yoo VY 5s5) 055,50 S 5 (A¥Y/20
ol = 5 NDF 5 ADF Ol 5e s dasloes #/70 3 3 035 25 JS JMis o b plt 055 5
Sz sbad god (50 (6, S o3Il shaeas (FY) Al (6,803 (144Y) OL,ISKas 5 s gs 05 S5
el o S S s I8 SlS 5 S e A 35 (6t e /0 Slay s 3l s ol sl
S Sl (VAAP) OLISen 5 55 s & oST e slagil 5 (W) 3 8 plnil (Yo ) JlSLe i,

el 0 1Y Jsdr 53 ey p 390 Glasles Jg s olewd LS 5 LT L0PP) W

(K 03k 31 gono35) gl s Lialasl g o3l 390 b les oloowd oS 5 =) Jpur

Table 1. Chemical composition of treatments used in the first part of the experiment (DM based %).

CcT TF ADF NDF  EE cpP

b JsTTL LSS kel olws  elas oSsn e

oS 2o < g Pk ea st sl &5 ol Treatment

083 1115  1467° 2458 348 607 gy Pt

Pistachio by-products (PBs)
Soslas Gy 2 SN pamme
0.42° 817"  14.20° 20.8 35.4 7.89 9.42 (7 ) Sl Lot
PBs treated with heat
SoslJos iy (3 N peas
0.33*  7.40° 1217 22.8 36.2 6.32 9.36  oled) ok sl bold

PBs treated with heat and
moisture

SoslJos iy 2 3 N s
0.28° 6.86° 12.29° 23.8 37.2 6.37 8.78 (f L) PEG L o
PBs treated with PEG

sl sl
0.024 0.216 0.336 1.092 1.212 0.571 0.227
(Standard error)

0.0016 0.0024  0.0268 0.2411 0.5970 0.2781 0.2917 (P-Value) Jlaz>! o

Aol o do s 0 Claﬂﬂ):)\:duu Ot skas OLAS O gt oy alin 8 oy
Different letters within each column show significant differences at 5% level.
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1- McDougall'sbuffer
2- Carboxymethylcellulase (CMCase)
3- Tris-HCI
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1- Trichloroacetic Acid (TCA)
2- Polylysine, 2-(N-morpholino)-ethanesulfonic acid (MES buffer)
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1- Least Significance Difference
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Table 2. Pearson correlation coefficient between various portions of phenolic compounds and enzyme
activities.

oS5 J5 ot S ks 5 s
Condensed tannins  Total tannins Total phenolic compounds

-0.720 -0.707 “-0.642 S ol

0.044 0.050 0.086 Protease activity

0.683 0.690 0.618 Ml b

0.062 0.058 0.103 Amylase activity
dee (S35 b

-0.344 -0.295 -0.064

0.404 0.478 0.881 Yk
CMCase activity

-0.466 -0.432 0.047 ESE> RIS

0.244 0.285 0.912 Xylanase activity

A2l o ezl o Sy b sde 5 (Steen i Sl Vo sy sde i a0
* In each square the upper number is correlation coefficient and the lower number is P-value.
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Table 3. Protease enzyme activity in the micro-organisms that are bound to the solid matrix after
incubation in the rumen for 12 h.

Glls sl S

6L°’V--:3g)‘}j§‘:‘
2 5 <.>u =z YLAJ\ -
P-Value St:pr%z:rd Soms Va3l slls I“ﬁ**’:rl ;’ . sl
tightly bound 00s€ %gu‘:fd ightly Treatment
micro-organisms . .
micro-organisms
- P Y
<0.0001  0.009 2.08 B* 2.92 A° o TS e
Pistachio by-products (PBs)
=) b ol )} T W 5 C,y
<0.0001  0.008 7.51B" 12.38 A° e i et
PBs treated with heat
b.a.l..i Lg)jTJA.F«MJGJB CJYM
<0.0001 0.016 10.22 B* 19.06 A* by 5 ol
PBs treated with heat and moisture
PEG U ol (5,51 Jos & ECH
<0.0001  0.035 6.23 B 13.50 A od S5l gas iy 2P N e
PBs treated with PEG
0.219 0.028 (Standard error) >, lutl ol
<0.0001 <0.0001 (P-Value) Jlez~ g

2 ulie b G b Sl b s Jalone St esle p S e 3 Bl Cled oy e e Tl

Ak e Ay 0 C]ﬁ—»’ 23 s gre Ot s dasplis (B 3 A) sy a5 @-0) O oo

Enzyme activity is defined as the unit of enzyme activity per mg dry matter of solution after 4h. Different
letters within each column (a-d) and each row (A & B) show significant differences at 5% level.
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Table 4. CMCase enzyme activity in the micro-organisms that are bound to the solid matrix after
incubation in the rumen for 12 h.

Sl ilS 515 S ls lapsEol5 S

pvalue  Standard ool gy Sttt L s
e i loosely plus tightly Treatment
tightly bound ound
micro-organisms miCrO-Organisms
0.3436  0.077 1.61° 1.72° Gy (2 DY e

Pistachio by-products (PBs)
o3l Jos w23 SN uames
0.7099 0.110 3.71° 3.777 Sl b el
PBs treated with heat
o3l Jos w23 S pamns
0.7716 0.118 3.66° 3.71° T SERSUC RS

PBs treated with heat and
moisture

L;)jTJA.c Wy 55 Ny
0.0284  0.056 1.33B" 1.54 A PEG L si2
PBs treated with PEG

skt sl
0.094 0.088
(Standard error)

<0.0001 <0.0001 (P-Value) Jlaz> ke

2 ulie b G Ale Cola b s Jaloe St asle p S e 3 Bl Cled oy e e Tl
Aok e o3 0 CJ‘”')’)bJ.‘*‘ Gl sdasOlis B 3 A) casy o s (D 58) O »
Enzyme activity is defined as the unit of enzyme activity per mg dry matter of solution after 4h. Different

letters within each column (a & b) and each row (A & B) show significant differences at 5% level.
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Table 5. Xylanase enzyme activity in the micro-organisms that are bound to the solid matrix after
incubation in the rumen for 12 h.

lls sl S

6L“’p--:3g)‘}j§':‘
[ Soen & YL@‘ o
P-Value Stgrr(éa;rd (e VLS (sl | i :V‘I tu i e
tightly bound 0ose }tl)guL:\ij igntly Treatment
micro-organisms micro-organisms
- P y
0.0006  0.012 0.12B° 021 A° ety
Pistachio by-products (PBs)
<0.0001  0.054 1.37 B? 2.02 A Sl b e
PBs treated with heat
L;JJUA& Qg 5,5 DY g
<0.0001  0.030 0.49 B° 0.92 A" sk s ol Leds
PsB treated with heat and
moisture
6))&}“—“ YERr g BLEN PSS
<0.0001  0.032 0.43 B® 1.00 A° PEG L oii
PBs treated with PEG
0.026 0.041 (Standard error) s st oLl
<0.0001 <0.0001 (P-Value) Jlaz~ Cl‘“

5> alie b G Al ol ) 5o Jale St osle p S e 3 Bl b oy s e BTl

Al ge 123 0 e 3 Jls me BVl s tiasOLES B sA) sy » 5 @C) Oy ,»

Enzyme activity is defined as the unit of enzyme activity per mg dry matter of solution after 1h. Different
letters within each column (a-c) and each row (A & B) show significant differences at 5% level.
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Table 6. Amylase enzyme activity in the micro-organisms that are bound to the solid matrix after
incubation in the rumen for 12 h.

Lsuwg)b)g*‘ 6‘)‘3 QSLQMKJ.)I{?‘

it 1 Sme SNLS) 5
P-Value Standard Somn VLl (g1l il ' Sless
error tightly bound loosely plus tightly Treatment
micro-organisms bound micro-
9 organisms
- PR y
<0.0001  1.048 57.38 B 69.37 A* | TS
Pistachio by-products (PBs)
<0.0001  0.943 35.91 B® 64.23 AP Sl b et
PBs treated with heat
6)}1}“-“ PENRE NUE P
<0.0001  1.030 38.25 B° 50.93 AP Cogby 5 Sl Lo
PBs treated with heat and
moisture
6))&}“—“ Wy 5 Y pamme
<0.0001  1.287 32.25 B¢ 47.07 A° PEG L os
PBs treated with PEG
1.169 0.948 (Standard error) s st oLl
<0.0001 <0.0001 (P-Value) Jlez~| Clw

5> alie b G Al ol ) 5o Jale St osle p S e 3 Bl b oy s e BTl
Al e o3 0 a3l e BV eias 0L B 5A) Cisy a5 @A) O o

Enzyme activity is defined as the unit of enzyme activity per mg dry matter of solution after 1h. Different
letters within each column (a-d) and each row (A & B) show significant differences at 5% level.
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Table 7. Effects of various levels of PBs extract on the extracellular enzyme activities (rumen liguor).
oLl levels of extract o ,lac s
. 51
St B e At e WD e En:”;me
Pvalue Stndard - gog 3.5ml 1.75ml oml
error
\
<0.0001 0.409 2.50¢ 6.22° 8.32° 24.35° M
Protease
Y )’L\AT
<0.0001  10.359 420.04° 559.12° 74339 953.19° o
Amylase?
Jes S5 5
d b \
<0.0001  0.6358 9.30 18.27° 30.75 49.78% Y5k
CMCase*
SR
<0.0001  0.284 1.20° 6.50° 8.32° 2259 R
Xylanase?

o e Sl Y il e el B s gl (55 p 8 ke 53 5l Sl oy ey 5T Sl )
| siasglis iy ey alie o Gy ik e cel Vs Jgleee s f’)fa_sl‘:‘ﬁ V'lfi Cled ol

W I W Clzw 3 s ome
1- Enzyme activity is defined as the unit of enzyme activity per mg protein of solution after 4h., 2-
Enzyme activity is defined as the unit of enzyme activity per mg protein of solution after 1h.
Different letters within each row show significant differences at 5% level.
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Table 8. Effects of various levels of PBs extract on enzyme activities in cell-free extract of rumen
liquor.

o las plaw
Jlozt mlae 5kl olzil levels of extract pﬂ)ﬂ
P-Value Standard error = e O/Y0 R YO I L WVO 2 e Enzyme
5.25ml 3.5ml 1.75ml oml
Y
<0.0001 0.052 0 0 0 3.302 I
Protease’
T s
0.0047 5.499 200.66° 205.30° 211.13° 231.23° e
Amylase?
Je S5
d b v
<0.0001 0.038 0.25 0.38° 0.56 3.102 RAw
CMCase?
BN
<0.0001 0.037 0.30¢ 0.44° 0.69° 3.38° o
Xylanase?
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1- Enzyme activity is defined as the unit of enzyme activity per mg protein of solution after 4h., 2-

Enzyme activity is defined as the unit of enzyme activity per mg protein of solution after 1h. Different
letters within each row show significant differences at 5% level.
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Abstract

Background and Objectives: According to the Food and Agriculture
Organization (FAO) Iran is the largest pistachio (Pistachio vera) producer in the
world. Nevertheless, pistachio by-products (PBs) contain a high level of phenolic
compounds and tannins, which can affect their utilization by animals. Tannins were
primarily considered as anti-nutritional biochemical, however, in recent years, they
have been recognized as useful phytochemicals for modulating rumen that they
have different effects such as reducing protein degradation in the rumen. The
mechanisms by which tannins reduce ruminal degradation of different dietary
components are not entirely clear. The present study was conducted to evaluate the
effects of PBs tannins on hydrolytic enzyme activities in ruminants.

Materials and Methods: An experiment was designed in three parts. The first was
carried out to examine the effects of PBs tannins on attachment of rumen
microorganisms to the substrate. PBs was processed with heat, moisture and poly
ethylene glycol to create treatments with different tannin content and similar
chemical composition. The treatments were incubated in nylon bags in the rumen
for 12 hours and enzyme activities were determined in microbes attached to solid
matrix. The second part was carried out to evaluate the effects of PBs tannins on
the extracellular enzyme activities (rumen liquor). The PBs aqueous extract
containing tannins were added to the culture medium and after 24 hours of
incubation at 39 °C, enzyme activities were determined. The aim of the third part
was to investigate the effects of PBs tannins on enzyme activities in cell-free
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extract of rumen liquor (inhibit or enhance the enzyme activities). At this part, after
preparation ruminally cell-free extract, the PBs aqueous extract containings tannins
were added to the culture medium, and after 24 hours of incubation at 39 °C,
enzyme activities were determined.

Results: The highest negative correlations there was between the activity of
protease, carboxymethylcellulase (CMCase) and xylanase, with condensed tannins
and then total tannins. While there was a positive correlation between amylase
activity and various portions of phenolic compounds. In the first part of the
experiment, the activities of protease, CMCase and xylanase were increased with
decrease the quantity of tannins in treatments, for both micro-organisms that are
tightly bound to the washed solid matrix and the fraction containing loosely plus
tightly bound micro-organisms, but amylase activity were decreased for two
compartments. Moreover the activities of protease, xylanase and amylase were
lower in micro-organisms that are tightly bound to the washed solid matrix than the
fraction containing loosely plus tightly bound micro-organisms. In the second part
of the experiment, the activities of protease, amylase, CMCase and xylanase
significantly decreased with increasing the levels of extract, which indicates PBs
tannins have negative effects on extracellular enzyme activities (rumen liquor). In
the third part by increasing levels of extract the activities of protease, amylase,
CMCase and xylanase significantly decreased, which indicates PBs tannins have
inhibition effects on hydrolytic enzymes.

Conclusion: Results of this study showed that PBs tannins can restrict proteolytic
and fibrolytic enzyme activities in ruminants, which probably do it by reducing the
access of microorganisms to substrate, effects on micro-organisms and release
enzymes, and effects on the structure of extracellular enzymes and inhibit them.
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