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Extended abstract

Background: Heat stress is one of the most important challenges in the livestock breeding industry
of Iran, especially in sheep farming. Excessive increase in body temperature under such conditions
is associated with a decrease in feed consumption and energy retention, resulting in reduced
livestock production, a prolonged fattening period, and the feed consumed for weight gain being
used to deal with heat stress, imposing significant economic losses. Therefore, the selection of
efficient management and nutritional solutions is of particular importance. Research has shown
that altering the dietary cation-anion difference (DCAD) levels under heat stress conditions can
compensate for the high excretion of minerals and reduce feed consumption and the negative
effects of heat stress by increasing dietary electrolytes and changing blood acid-base balance. On
the other hand, as the price of animal feed increases progressively, the addition of nutrients that
are low in price and smooth the challenges caused by heat stress can be a good option to achieve
yield from the usual feed consumption under normal conditions. Consequently, investigating the
effects of changing the levels of DCAD on livestock, while providing a suitable view for breeders,
provides appropriate solutions for experts in the field of dietary design. In this regard, this study
aimed to elucidate the effects of varying DCAD levels on organic matter digestibility, blood
parameters, and rumen fermentation parameters in male Zandi lambs under heat stress.

Methods: To investigate the objective of the present study, 40 male Zandi lambs, averaging 39 kg
in body weight, were randomly assigned to five treatment groups, each with eight replicates. The
diets were formulated to contain different concentrations of DCAD (150, 300, 450, 600, and 750
mEq/kg dry matter). The experimental period lasted 100 days following a 21-day adaptation phase.
For the chemical composition of the diets, daily samples of the diet were collected and analyzed
according to the guidelines of AOAC. Sodium, potassium, and chlorine levels were measured using
an atomic absorption spectrometer, and daily dry matter intake was measured and calculated taking
into account the remainder. Blood parameters were measured according to AOAC methods.
Ruminal fluid osmolality was measured using an osmometer, and volatile acids were analyzed
according to the guidelines. N-ammonia levels were also determined using salicylate hypochlorite
analysis. The temperature-humidity index was evaluated to investigate heat stress. Analyses and
statistics were also performed using SAS 9.4 software with the GLM method, and the least
significant difference (LSD) test method was used for Post Hoc comparisons of means.

Results: The findings of this study showed that the temperature-humidity index was continuously
above 75 during the test period, emphasising the presence of heat stress. The rectal temperature of
the control group was not significantly different from the other groups. There was a statistically
significant difference between the treatments containing different levels of DCAD in terms of dry
matter intake, nutrient intake, and apparent digestibility (P < 0.05). Dry matter intake, crude protein
digestibility, and dry matter digestibility were significantly lower in the control group than in the
other treatments (P < 0.05). In addition, ruminal pH was notably lower in the control group than in
the other treatments (P < 0.05). However, rumen fermentation parameters, such as butyric acid,
buffering capacity, acetic acid, propionic acid, the combined total of acetic acid and propionic acid,
and the acetic acid to propionic acid ratio, were unaffected by varying DCAD concentrations (P >
0.05). Blood glucose parameters revealed significant differences between treatments (P < 0.05),
and the control group demonstrated the most significant impact on blood glucose levels.
Conversely, no significant differences (P > 0.05) were observed for other blood markers, including
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potassium, magnesium, chlorine, nitrogen balance, and phosphate. The highest levels of calcium
and sodium were observed in the control group, and the highest level of cholesterol was associated
with the fifth group, with the highest level of DCAD (P < 0.05).

Conclusion: Overall, the findings showed that manipulating the level of DCAD significantly
affected rumen pH, but it did not statistically impact the concentration of volatile fatty acids and,
as a result, rumen fermentation. Numerically, however, the control group contained the highest
levels of ammonia and total volatile fatty acids. The observed decrease in ammonia concentration
with increasing DCAD levels increases rumen acidity, which creates a favorable environment for
the synthesis of more volatile fatty acids; therefore, these levels are lower in the control group. The
direct relationship between dry matter intake, crude protein digestibility, and dry matter
digestibility and increased DCAD levels indicates that lambs under heat stress conditions can
maintain their apparent digestibility and performance by increasing the level of DCAD. In general,
since most of the studied parameters and biochemical metabolites of the sheep's blood did not
change significantly and were in the normal range, this could be the reason for the relative
adaptation of native sheep to heat stress conditions. On the other hand, increasing the DCAD level
could partially solve the problems caused by heat stress.

Keywords: Blood physiology, DCAD, Digestion, Rumen fermentation, Zandi sheep

How to Cite This Article: Khani, M., Fattah, A., Ebrahimi-Mahmoudabad, S. R., & Joezy-Shekalgorabi, S. (2025).
The Impact of Dietary Cation-Anion Difference Variation on Physiological Responses and Rumen Fermentation in
Heat-Stressed Male Zandi Sheep. Res Anim Prod, 16(3), 192-204. DOI: 10.61882/rap.2025.1487



http://dx.doi.org/10.61882/rap.2025.1487
http://rap.sanru.ac.ir/article-1-1487-en.html

[ Downloaded from rap.sanru.ac.ir on 2026-02-03 ]

[ DOI: 10.61882/rap.2025.1487 |

>

R VEF /Y oyl [pd 3l Jo oold Sl (sla iy
Sl b ilie 5 (55,5l pgle s>
g e

2005l 055 9 (S5 788 SWEML 1 0 9098515 IS Oy 5T (w2
2loyS GG e g g 4

£ o s (550 0yl o BT Sg0mce ot ol Al gy duww T ld pal S oo

Ol ol e soMusl D31 olEtils ¢ o1d pad sl (ol pste 05,5 (g 5SS sl -
(amir1356fattah@yahoo.com :_Jggue 03w 55) ¢yl yl ¢yl o5 ¢ coMuol 131 oBuiily ¢ B pos anly ¢ sold pole 09,5 ¢ylokuwl =¥
U RIS IS Yo alj—T oltily ¢ B yaud Al ¢ ol pole 09,8 ¢ yluiils =Y
Ol eyt oo Mol 131 o8l ¢ w8 o dnlg o ool pale 04,5 ¢ luiily —F

VEFLYIYD (bl ol VEFLAY Gl o) VEFN A el gyl
YoF 5 OAY aio

bgaso 025>

O > ot s 9> | G QI3 sl KhusS (hjon st 19 pnpel o 3 mre sy S (e ale)S SR IR 5 dedde
S 028 pae Slygd 9398 00 S SVsb (s)lg 0)93 NS (oo Ll Pl A5 iy 5 3980 ol e (531 il 5 STy Bpae S L il
5 sande laylSaly bl gsy ol 258 JeeoS (g BB oLl sl a3 9 335 o0 (2lo) i L ablie By g 38
wboyS i Llys > (DCAD) oy gl = 0yalS OS] pglans yuss 45 wlodld ylis lidos .ol o9y (lotrg Caeal j tal,lS claiss
M (i Bl g 39 STygd Brae il g (Jaae dlge 3b5 @8> Glp el (g3 b — el Jol5 i g 02 slacdg S R 5k 5l Ml e
Sl 5 515 (sl Casd o (sin Sgm (355 U cbloigo I pls Spne S Can i3y ¢ gy 45 ol e s il Ty o
u)'5’> Owlis )8 HLasl 1) b o)l ‘glf.x;.mui))”.; &l el 100 d‘ﬂ)“g}"“é ol oy aul = aulS M Zolaw pouss Ol 31 o)y
e dlge puan Culld cladoninlyd p oy ol = aslS M Caliss polaw 13U awyp Baa b ddlllas (ol cbiwly (ol (5 a2 0 )18 00> b
A ol b S O oS () Sozed 1D 4eSi je5T g o5 (glrdsul b

b plasm loss 09,5 gy 3 (Bolal ysb @ p)S5kS YA (g (Silhe b 555 5o ol Fr ol gy Bum () pslaieds 109 9 3190
hb (Sis oolo p)55kS™ 1o Vg (ST Lo YO+ g F+e £+ Xer N0+ ) DCAD (il golaw (gly oys 50 03d olams! SO cuin
ool g Goglaer 0 il 4ilig) ladiges 0y (plond S )5 (e (gl 208 b Goy Ve e 0oy VY Brakal 090 S 3l ey plalejl 0595 X038
05 e o b Sis oole diljgy B puan g (6503l Lodl s olKws l edliwl b LIS 5 paly cordu zglaw 513,85 iy AOAC (sla oallygiwd
sogauw I o3kl b 4SS xolo Y geul 25033,5 (5,505l AOAC (sla by, jl oslitul b (g5 (sladominl B .50 dusle g (50500l ailessly
O S S g — Ml LT 51 o3liznl b Sligel =N obaws ¢ pimons 2505 jJUT b Joalljgiod b sallan j1j3 Cyn (cladul g 13,5 (6 5ol
b 485 )54 (LSD) o gine gl Jolas (h9; (903 5l (e e sloduanliie sl 5 < pdy ©y90 GLM 3 |l

5o b 58 09,5 IS, (slod 905 uST 1y ole)S a5 399 9 990 VO VU pettne jobo 4y ogby — sled asls ( yolejl )9 Jobo p> slRa8L
9 (shao dge cdlyyd (Suis o3lo Lyan Jai ) DCAD Caliste gobaw (c9l> slojloss oy (6515 dime (gylol @oglis sl a5 B gl Loy S
sobdy S 09,5 0 Sid odlo it Culild g pld g wudd CuilB (Siid 0dlo B yuno &S (g ysbody (P < /4 0) il 325 5yl puan CulilB
L (P < 00) 390 oylass iy | a8 (a2 B jbods 558 09,5 1> Sl PH el 2 ogde (P < +/+0) w39 njlod 4y | iyl (25 1B
5 Sgmgn el g Sl el (S Egarme «Spmgn el (Sl sl B )b Sy dend Jold 4eSld 005 laeorild o Jl oyl
OS] s w8 gladorinl 3 (P> +/+0) 18,55 J1)8 0y el — (a0l NS Galisee palaw (3l Cod Sigungpm dawl 4 Sl sl Cnd
S, Sl plo o ((blie jo il 1y yed 8 mdaw (l5ae o i J S 04,5 &S g y0body cdidhy i Caliseo (slajlas o 1) (P < +/+0) 25 JB
JrS 09,5 33 a9 eelS (lje (s (P> /0) 5 odalie ()l ine SMS] lind 5 ()95t VL IS mjste quliy dbox I 95
bl Sl Jy cusls 48 pH p g b8 86 oy aml = sulS M3 prbans (6, Sd a5 waly Lis bzl IS jgboas 16 S Ao
ol JS g Sligel zolaw oy 5V (ed3e bloday 8 09,5 ¢ Jbopl b .cudlis desis yuess donss 50 9 43 0 sladl clale p (o)ls ne
o sl (ollas bame ol Cpl g b deSid Al ]33] caclb DCAD gl (iol33l b Slogel clalé )3 oadosalin (ials b lis ) b o
O peid Calild (Sis 0le U punn (o paitiiwe dlayl) 3959 wliiid (1S S 09,5 10 Zakaw (ol cgy il 5148 oo Dbl )8 Oy gladnl iy
Llyogs o ,Sles g gls pan <ol wilgs o slo)S i Laylyd ) ooy aS” sad o L DCAD @a.wwl).'él 5 Suid odlo it cubls 4 s
g5 Loy o5 olewdsn el g dlllas )50 aliste (gl yal)ly ST (IS 50 S bads oy ol = (euslS BNE] mlaw B juas (i3l
9o YL o Gyl sl sle)S il byl b b seg laitnsS aus (6y8 ke Jd Wlg5 e a8 citily J1)8 Loy edgame )3 g Ml ()I5 Gixe
g @iy |y olo)S il b Mo (63905 b oy aul = el o

DCAD (it ¢ 65) 335 32hwsS (455 (6559908 chnaSd yuaSS 35S dub)b
SN wldllas sl )> (Tucker ef al., 1988) 51> oLl Ao o

o DCAD L sloyy a5 cuily ledl (Block, 1984) s34 (DCAD) Yoy gl 951 M3 oMo
S S ) Kid o3le p)SelS 5 o Ylg ST Lo WWY/Y oy osdglio bl Se bS5 b b cute ogdlly

! Dietary cation-anion difference


https://doaj.org/toc/2676-461X
https://orcid.org/0000-0002-0524-7729
http://dx.doi.org/10.61882/rap.2025.1487
http://rap.sanru.ac.ir/article-1-1487-en.html

[ Downloaded from rap.sanru.ac.ir on 2026-02-03 ]

[ DOI: 10.61882/rap.2025.1487 |

s 44058 035 5 (Sedsnsed sloguly 2 02 gl iglS SMBT Slyis 13b (g

4 Wl e 235 o 356 DCAD &5 oy Sas clalé
x)lﬁﬂb&»a)udfm9l&wwb‘.§))p&)m
A oo ol @ty g 0b WS o a5l @ g L
ol B sl o pms dalllan ol 5 el 438,
)I)éw)ﬁa)y)iduo)g)hgl DDLAM;A.\L[BQ&MO
b cul u}l 2o dsllao Q’] 50 4‘)" 2 DgM.C A;).S
sl b ol ;3 DCAD cute golaw &5 390 yasuiio
5)90 % 9 d...o.gw ).:.o?u i odlo (_9).4240 M‘}:L;o YL

S b a5l |y o

g g 2lge
TUA-2020-P312 e cod cllgs o sdsi s
oMol 3151 o8ty Sllgus (69, Liulojl )3 MBI (g5 ;]
Olrl 63550 Bble (og s g58 op Jaz 35 33
PSS YA Sis xke b (Si9) YO 53 oxelyg (bt yoe3)
Voo Jloolays Jol 5l 59y Ver otody g B0 a8 )5 40
P by Glyss ably Wad gaiyley Slhisw asyie
S ol ax > YA U &y Caiigudy) 5 (p3)9,8 (slaole
YO dilaio lod 5:S5bo csile s )50 Jobo 40 Dgr pusio
ol odaliie g (slod Sl oy yiuiy &S A5 )15 4> yd
4 by ol 258 5 (35 (Bl 423 ) 1 olo 4y Lgye
51 oolazwl b Wee y 355gs (31,5 5le a\;);;\“\) 2908 ole
ol P15 0 la 00,5 % 4 sk S Sl ¢ o
ooty phalojl Jgb 5> oy isd peuds ]S5 il
DCAD (aliseo galaw b (oo s 9 S50 (6,005 (g0l 5]
09,5 {JuS) 10+ 15,8 il )y (Sis ool mEq/kg )
V0 g (Fog)S) +5 v+ (¥ 09)5) +¥0+ (Y 09)5) +¥++ ()
Coms b (TMR) JolS" bolso 0 i85 (4ly .(0 09)5)
Tolaw (s ly b cdy VeV ddgle & o luis
ot Sl 5 (KiCO5) puly cloS DCAD
Job @ 595 Voo islesl opl 13,5 adlsl (NaHCOs)
S Jbd a4 slazan VY iolesl 090 S Jols 45 spalul
Qe Olelu ) 5oy )0 5l 90 oy gy (glatin ¥ Gudad 090
Ol Sl o yid g B 5 Lo oy b VAo g
G Y Jogo 0 oy olews lipl 9 (sdne dlge Laiily

Kool Ju.a.:u

ke YFA/S cuio DCAD L dwslio )3 pudS 38
Bl 35t e JS 09,5 S5 sle p S 2 N1p ]
Tobw b iy bl ololis )0 pB s (ool 4l
ag BB b 5 i Slidios g 0 pe DCAD Gilise
2 03y slaply (3kaidl 0d3L g cuoMuws py DCAD pglows
Sy g baes 3l Sligos il ST L8 e
(Ca) pouds pudstlio b DCAD isSpny (SisSe
Lopera (Collazos et al., 2018 Diehl et al., 2018)
olbls)l e g (Rajeerad et al., 2021 et al., 2018
oS g by (wSopad D opliy LGl
Martinez ¢Collazos et al., 2018) Jg ST Jgyoumnls
Rodney et al., Martinez et al., 2018a ‘et al., 2018b
Shwgen oo SIS Gldllas oyl Wlosss 55 pexe (2018
L oy DCAD (alf oo jl (Jamo 095 endS
P DCAD aipe zolaw iloald (L 1y joS'%e (slaaseinl )
B Yoo ooy Adgi boy Sl 4 (gly 0d,0d (slapl
Slodds duog Suid o3le p)5ekS p Vg ST Lo YV
Caixeta et West et al., 1991 <Tucker et al., 1988)
oYl (Sl YO+ (gol> ooy a5 Jb 45 (al., 2020
ORlP plaieds Ss5 g yab ln Sid ol p Sl
(Mongin, 1981) wloas slpiuiny by &5
b basye) )3l 293 9 By 2l el alo)S A5
4 yoxie) wili CO2 (b cund (ol o slagye
Cllge 9d o praly 9 e GRS 5 (i I
Gpne il Loy &yl s > o (gl (oM Jdoa
Ol Pl 53 o slod >l i (al8l 1 Ble o STgs
FB bl Shes Bpas Gl b Ksde 2l
Gl oplply Sanb o il (el 5 pudglio b6 puin
Ol S (oo S8l Gl g 4o 3 9 b 20 (655
SIS 51 Gl g g 0)9 b (Y sk s Jos
iy ool Db 5ygldgw (BB Ol @i g 0ps
swlie @; Slgi o DCAD galaw s <5595 bloday
Slyis b ol s & 2 2l ole)S (5 b ablie (gl
blie (g lacdg Sl Jols pas 5 (o8 jhmapul Jols
prWWI&ADPZJGIHWﬁJ
9082 2 W 5D 9 )USG S GBS lgmels aesid
Yang et ) lie b o Suid odlo 0 puas cdeaSil )aldg ;o
2 Olyuss 6,135 5l (Nguyen er al., 2020 al., 2021


http://dx.doi.org/10.61882/rap.2025.1487
http://rap.sanru.ac.ir/article-1-1487-en.html

[ Downloaded from rap.sanru.ac.ir on 2026-02-03 ]

[ DOI: 10.61882/rap.2025.1487 |

g

VEF Y ojlous [pmd 3l Jlo (ools S5 sla yingss

oy JLid] )3 o065 4y g A dlge 8 NRC 2001 (sladusgs (wloly 0pn) Loy (gl 0 olawd (slinl g onimd S5 olgo =Y Jaas

(292 QS B 5 855 s b o @y Jold alel ol 285 )13
Table 1. Ingredients and chemical components of diet for lambs (diets were formulated according to the
recommendations of NRC (2001) and gradually provided to lambs. This experiment included five diets with

the same energy and protein levels)

(SKiis 0lo mEq/kg ) oy ,S

Groups (mEg/kg DM) laay S
(HVD+) woxy 095 (+5++) ple 095 (H¥0+) pgus 09,5 (HY++) pyo 09)5 (10+) Jglog)5 Ttems
Group 5, +750 Group 4, +600 Group 3, +450 Group 2, +300 Group 1, +150
(/d) oxims J:Suis olge
Ingredients (g/d)
400 400 400 400 400 xig
Alfalfa
100 100 100 100 100 paS gy
Wheat husk
300 300 300 300 300 ©)3 dbws
Corn meal
300 300 300 300 300 >
Barley
350 350 350 350 350 sl %)3
Corn silage
120 120 120 120 120 PS5 g
Wheat bran
100 100 100 100 100 bges Al
Soybean meal
10 10 10 10 10 S
Salt
31 23 15 7 - SlpS pde
Na2CO3
31 23 15 7 - oS g s
NaHCO3
hess iz
Chemical components
92.89 92.98 9323 93.01 93.91 i odle
Dry matter
13.4 13.54 13.51 13.48 13.41 ot wb”J
Pure protein
0103 gui— , S 3
39.32 39.44 39.52 39.75 39.94 Negﬁ:,_;g:rg’;ft
fiber
Lo |
30.41 30.44 30.52 30.64 30.75 o Sk i
Acid-detergent fiber
11.85 11.98 12.17 12.12 12.28 Pl Sl

Raw ash

S5 5 (K) ponks d(Na) e g 185 ol (1990
50 spSoiul sl i ol I oslizal L (CI)
W Ml}u )..{) J}n)B )‘ odléstw! l; DCAD
DCAD=Na (%) / 0.0023 ¥ K(%) /  (v) ekal,
0.0039 - CI (%) / 0.00355 - S(%) / ‘
0.0016

S 59y W 2 09y Vev 0)90 Jsbo 53 bnopy SSST (459
A Aol g d)ﬁfo)'lhl o35louly
Lowody s gbio (5 5051051
b (6 glaer Siyw b (92,5 S)) V5555 S palew 1 5
5o 0ke b ol oo 41,8 EDTA Ms d‘.&m\]?{ 5 bdiges
(o2 ool ¢S oIS ol b (65l LT sl g 1>
AOAC dl.muu9) )l ol L 0 9 ).O.«.MB 5J9)~u~l§
A5 (6 Se
Crr Bl (gl 4eSl glo o)y 5 Spglaen
Wi

gl 5 S5y 5l oozl Loy Fo il 4ueSis mlo slandiges

Ol o ol df ptiz gy 6x5,84 L g odne
dg Sy aome lad pSailed el cunday lp (Sl
Sy (ol VID = JI5hy ) gy St

(THI) Cogb o> a5 L5 il

O Sl Solbee plyiear (THI) Cosboy~lod asli
Sloaggisles Jeslizal b sl o) a3 48,8 Jlai 3 oo S
xSoiuil i gla Il )3 520 VD gl 5 Sits g 5
105 duole yj Jge,8 3l eolatwl b ilse,y & yswods THI s
THI = (Td + Tw) * 0.72 4+ 40.6 (V) aaily

slaled sxmd s cwga Tw o Td o o o«
L S g 5 gl lwg sdd (650l
le)S U5 g el Jlhme lyicay THI asls
393 U o dpwloee YA 5 VF A lacels 10 5oy 0 )b aw
D)5 (goyp joy Al Sacele Jsb > (ole)S
zewlod 3l odlawl b ailjsy jawds oy (RT) psis’y (slod
Olo> p9iS) 3 (5855 )13 BT LY ey 5 (Sig sl
Sl op ¥ (Bolad jgbay jlo po )3 &5 (g psbody erd e
Ldply Ojgo (05 slod C
i CalylB (i 9 SLEYbI (g y9la0n

S odle don s olbewd oSS e slp
odiygd (S yud (ADF) oxygimigdwl ;b (DM)
P ey 5 Pl yS (sB) U5 22 (NDF)
Srgleaz oy il ailigy gladiges Voo BYY g, 5l (CP)
AOAC, ) ey LS'I 9' LS" dbbJaﬁ)?;‘.wb u,ol...ol » FUERIRW


http://dx.doi.org/10.61882/rap.2025.1487
http://rap.sanru.ac.ir/article-1-1487-en.html

[ Downloaded from rap.sanru.ac.ir on 2026-02-03 ]

[ DOI: 10.61882/rap.2025.1487 |

Ay oS a3 g (Soieloned szl o (aleslS BB Clpis b o

OSle Wglos 3 Ti ppite po jlade Yij bslee ol 3
Gl s Byxe Eij g didd 0 i 1) by Caw
LSD gygejl (bgy 5l odlisal L g3l 51 g loeSilie
W0)8 s P <o [od ply (g5 e pdaws g 145 dunlie
L5“\“’)‘9)’ 090 PLN P &Ln)f‘uﬂ.u &S el Toy & ‘n)\[
(V ojlsen) (ols pusto cpl U 1Y () JSS5) cubly 242
Syl oolay Hls,y 5 cuwl ol Jole lgica

(THI) (gzgb = 2lod pas L g Wo s JUS; glod
sl ke S uwled alllae 0y Jsb 53
4>, YA/VO B YA/eY awb b 1) o5 sle 4> YY/AY
Vel oY BYNE 5l b o guusled (slod 38 ol 01,5 il
Dy pxie 3, Sl a0 YOIFY 1Sk b ol Kl 45
AT 5:5ike b 5 AP/0O 5 YO/NY (y 005 dslxs THI
yobas yislesl Jgb ;5 THI oS canl S5 b 39y e
05,5 b awolio j» JIS, slod .Sle 3L VO YL polie
oW DCAD alises (slog)S s (510 simo coglds ¢ S
a0 YV/E-YV/A aog)S 1o Led () dioly aS'(gysboay oy
Sl s DCAD  jlog dlise  (slrog)S ;0 g
D (1) S i otnlia JIS, las 55 g b
YOy adl s oS aad e ol iolejl oyed p> |y THI
(V) Jsio oizmen amd 00 ol ) (oloS 405 bl
Aoy o i wlale Gyge 4 |y THI (edls ke
ot bl I THE (asls (:S0ke (Jpir cnl (ol
Slebs plos )3 Ly 5 ainly 0993 Jsb ) (V0) olo)S
L as > o olis asls L').).‘ ] ob)f s o8k
ol 13 9313 (§3gm0 W9y (2lo)S T (Gnlgy 0)9 £
P95 0adld Ol ) am g Ab eaalie (AT ol
ooy 5 395 a5 oS 15 il 3] Jlo L J 395

W= Jeb iagslo WY = (s ) 5 s lcen
Yalchi, ) b 4wSs 3)ly mlo (gyglaes gy (o Sl
.(2023; Babaei et al., 2023

5 PBoo 415 I ey ol hlojl A+ 59, 0
51 ookl b aneslls mlo diged yid Juo YO ccusls Y/0 1 dmy
ol Y 50 jl 4l mlo s b (65505l i pH
0S5 sl Jlog P Sy doud o 525 Gl
Slp oS e dayd =V slod pd adiges slazal I LS
5 Vool (VFA) )3 0 el (g clagiod
5 o3l b aseSs galo 42V sansl 1335 adls] Sligo-N
R o sl & Jb 3 ad 5ol pegenl
Thammacharoen, ) 9,5kl sla Joallygiws b 3illao
50T 51 oslitl b Slogol-N golaw 505 3T (2001
2193 S pglaen 9 o 285 (oigi¥T oo

V0) ggdde sladiges b lojen joboar Il (sladiges
Ol il e 53 80p3 Ve Jgloxo )3 H2SO4 il e
Sl b (Sdly Ggls )3 Jlol s (5 pglaen atim o
058 by Cusd I iy JBlasay (gl 7V S5l s
obl ) b pSejlul Srglanr dw pj PH Lais )
Ve sbes 3 pslana Gay o 3ol el e Yo ales]
RSy b SiSS l ealiwl by g desie 3,5 il axy
Chenand) jogs 5 (> bawg 025,55 (sladg) b Bullas
i g 42528 o35V @5 9 (0395 sl (Gomes, 1992
9 U39F (29 Om O om b gy el b
b Al (SThgs S pan ) g Ol
bl o g o5

S50 300 LAY a5 SAS 38l 5 40 islejl (slaesly
Joo b g S5 S g o it b (ols Jo oo
o & odlaiwl 590 (glel Jio .Nud oo g 4y 355 GLM

39y 2le)S GBS 53 0)lgen D92 25
Yij=u+Ti+Ej (v) alayl,

954 * THI
85. I

- < 2o . Tw

654

554

454

15 I Ll | | | | 1 |

Day

I
0 10 20 30 40 50 60 70 80 90

(TW) by Gl slod 5 (Td) Siis Gl slod (THI) cugb j=lod (adlis diljgy pSle =Y JSUS
Figure 1. The daily average temperature-humidity index (THI), drybulb temperatures (Td), and wet-bulb
temperatures (Tw)
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Table 2. The monthly average temperature-humidity index (THI)
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Table 3. Effects of the dietary cation—anion difference on plasma metabolites and nitrogen balance of male lambs
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Table 4. Effects of DCAD on the rumen fermentation parameters of male lambs
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Table 5. Effects of dietary cation and anion difference on dry matter intake, organic matter digestibility, and crude
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