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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.
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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)

Vo= ooy i ailiwl I jgue THI Lasls ke olo
Heat-stress threshold exceeding = 75 THI average index Month
>75 84.5 Ay
May-June
>75 86.2 »
June-July
>75 81.4 3050
July-August
>75 79.6 292
August
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Table 3. Effects of the dietary cation—anion difference on plasma metabolites and nitrogen balance of male lambs

(Kis 02lo mEq/kg ) 05,5

Groups(mEg/kg DM) ng\i;
P-value (1Y0+) w095 (+5+<) pilaz 0g)S  (+Y0+) pows 095 (1Y) pgo 09,5 (+£30+) Jslegs Items
Group 5, +750 Group 4, +600 Group 3, +450 Group 2, +300 Group 1, +150
0.05 2.42b 2.6lab 2.64ab 2.71ab 2.82a =
Calcium
0.04 103.40c 103.55¢ 103.63¢ 104.21b 105.15a S
Glucose
0.05 118.12a 115.13b 115.22b 116.55b 116.46b Jgyeds
Cholesterol
0.75 2.17 2.05 1.57 1.56 1.45 S
Phosphorus
0.82 1.76 130 1.76 1.00 113 b
Magnesium
0.84 113.52 113.50 113.44 113.30 113.39 "’“"L’
Potassium
0.05 84c 94bc 111ab 108abc 124a e
Sodium
0.32 110.23 111.00 111.50 112.00 112.50 .
Chlorine
0.83 12.06 12.39 11.80 9.40 9.65 Olsre oYl

Nitrogen balance

s3de bld 4 J )8 09,5 w929 (pl b 28,55 1,5 DCAD
ol 9l )13 G sl JS «Slogel zobaw cp 5YL
gy 4 Sliwl s 9 Sy « Sl Sl (S5 l1g 3
03] «Sligal zslaw (1505 B 09,5 Sy ol (5 |,
by Ol o S Jlgpl ol oy dund (Sl

2Bl hs o gladl IS5 Sl

DCAD 1 g droSid oS (g Wdscuwl 8
thw ;0 byles o 4eSs pH o gyl pxe cgles
5 408 PH p 5ol J 568 09,5 .08 sdalive P < +/+)
Joia) (P < +/+0) waby slis |y aeSs pH 0 5YL 0 095
hs alox 5l o8 o sl IS (Jls ool L (¥
bl o « S Mlg dnnl S5 Jlg 531 sl cbiaol «lgusg
Cs.‘a.m 5 ul).».uu ).ul.: Cod 0)9‘ 9 t.(L.s}ol cul)}us)) 4



yaq oS a3 g (Soielaned slagel o (aleslS BB Sy b o)

o sbey S esS sladoninl By (conc) o BluiS pdew g DCAD il il =¥ Jaas
Table 4. Effects of DCAD on the rumen fermentation parameters of male lambs

(Sis o3lo mEq/kg ) 04,5

Groups (mEg/kg DM) Laay oS
Povalue  (HYO:)eaiogS  (#Fe)plez oS (#¥0e) pgwog)S  (#Ver)pgd0g)S  (#)04) JglogS Items
Group 5, +750 Group 4, +600 Group 3, +450 Group 2, +300 Group 1, +150
0.04 6.82a 6.71ab 6.64ab 6.68ab 6.54b PH
0.33 73.40 72.65 7136 7221 75.15 VFA S
Total VFA
0.44 54.12 55.13 58.22 56.55 61.46 (/) <ol
Acetate (%)
0.24 17.83 18.01 18.53 19.10 19.44 (A)f’l’ﬁfﬁ
Propionate(%)
0.75 13.04 13.04 13.10 13.31 13.60 (/) Qlﬁy
Butyrate (%)
0.84 0.30 0.31 0.33 0.33 0.34 (/) ;.g\‘)‘)”’
Valeric (%)
0.06 1.01 0.84 0.98 0.96 1.14 (/)‘S)’””f‘
Isovaleric(%)
0.86 3.01 3.08 3.10 320 374 Slgggn/ b
Acetate/propionate
0.32 110.23 111.00 111.50 112.00 112.50 Jl:s"’“
Ammonia
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Table 5. Effects of dietary cation and anion difference on dry matter intake, organic matter digestibility, and crude

protein digestibility
(Kis 02lo mEq/kg ) 05,5
Groups (mEg/kg DM) _
o7 °5)§ s z ¥ z e | 'S lﬁd\’f
Pvalue (+vo-) (Fee) plaz oS (D) powog)S  (1Ver) pd0g)S  (100+) Jgl 09)S Ttems
Group 4, +600 Group 3, +450 Group 2, +300 Group 1, +150
Group 5, +750
0.01 37.11a 38.21a 38.11a 36.75a 31.69b (0% Ojs g/kg) DMI
(395 < 0s 5945 £)5) sdse dlge iy
(g/kg BW/d) Nutrient intake _
0.04 34.60a 35.67a 35.61a 34.39a 29.59b ‘-Jl 2lge
Organic matter
0.04 6.83a 6.42a 6.53a 5.46a 4.44b P WW
Crude protein
0.09 19.04 19.07 19.10 16.90 16.60 S 00y
Neutral detergent fiber
0.84 9.30 9.59 9.33 8.56 8.34 el 0a5d b
Acid detergent fiber
() ool e el
Apparent digestibility (%)
0.02 80.0la 78.75a 77.10a 74.40a 73.74b Sz oole
Dry_matter
0.02 76.23a 74.86a 73.50a 68.05a 61.50b UJ‘ ole
Organic matter
0.02 78.22a 78.08a 77.05a 73.03a 65.87b PE OB

Crude protein
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