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Abstract

This research assessed the effect of incorporating condensed tannin-rich pine
bark (PB) and sericea lespedeza (SL) into meat goats’ diets on carcass traits,
chemical composition, and meat quality of goat meat (chevon). Meat goats
were supplemented with bermudagrass hay (BG-diet, control), SL, PB, or 1:1
mixture of SL and PB (SL + PB-diet), with the remainder of each diet made
up of 70% alfalfa pellets mixed with a commercial corn-based sweet feed.
Furthermore, four experimental diets provided a total of 4.9, 40.1, 49.0, or
45.0 g of condensed tannins, CT/kg DM, respectively. Carcass traits were as-
sessed after the slaughter at the end of 50 d feeding period. After 24 h cooler
storage (2°C), edible tissues were collected from each carcass for analyzing
meat quality parameters. No significant differences were found in carcass
traits and primal cuts among goats fed the experimental diets. Supplementing
goats with wood-derived condensed tannins (pine bark) produced redder
(higher CIE a* values; P < 0.003), tenderer (lower Warner-Bratzler shear
force values; P < 0.002), and healthier (higher linoleic and a-linolenic acids; P
< 0.03) chevon than that from goats fed either forage-derived (sericea lespe-
deza) or combined condensed tannins (1:1 mixture of sericea lespedeza and
pine bark). Our findings indicate that either forage-, wood-derived con-
densed tannins, or their combined one can be used as a dietary supplement
since they do not have any detrimental effect on meat goats’ performances
and meat quality characteristics of chevon. Furthermore, feeding meat goats
with wood-derived condensed tannins probably produced tenderer and heal-
thier chevon than that from meat goats fed either forage-derived only or
combined with forage and wood derived-condensed tannins.
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1. Introduction

Meat goat production has steadily increased in the southern US because of the
availability of forages and rising market demand that is providing additional in-
come on diversified farming [1] [2]. In general, feeding cost makes up to 70% of
the total expenditures in livestock production [3]. Meat goat producers, thereu-
pon, need economical and easily manageable feedstuffs. Furthermore, infection
with gastrointestinal nematodes (GIN) also is an economic burden to the pro-
duction of meat goats in the southern United States (US) [4]. Either condensed
tannins (CT)-rich pine bark (PB, Pinus taeda L.) or sericea lespedeza (SL, Les-
pedeza cuneate) has been suggested as an alternative parasites control strategy to
suppress GIN infection because frequent use of board-spectrum anthelmintic
drugs to control small ruminant GIN has led to greatly increased incidence of
anthelmintic resistance worldwide [5] [6] [7]. As low-input forage, SL is an eco-
nomical feed resource in the southern region [8] in the US. However, pine bark
(PB; 13% CT DM) is a by-product of the timber industry [9]. Clearly, either
ground PB or wood chips have been exercised as roughages in livestock feed
[10]. Rather, the feeding values of SL and PB are considered to be low because of
their relatively high concentration of CT [7] [11].

Plant tannins exist primarily in hydrolyzable tannins (HT) and condensed
tannins (CT). CT are phenolic compounds found in a variety of legume forages
and tree leaves, which commonly contain catechin, procyanidin, and other po-
lymeric procyanidins [12]. Unlike HT, CT have either a beneficial or detrimental
effect on animal performance that is depending on the concentration and nature
of CT [13]. Low concentrations of CT (2.0% to 4.9% DM) can improve ruminal
animal performance without detrimental effects by reducing protein degradation
in the rumen and increasing the flow of protein and essential amino acids to the
intestine, subsequently [14]. Improved nutritional utilization and animal per-
formance, as well as reduced internal parasite infection in ruminants consuming
either CT-derived from forages or wood chips, have been reported [5] [6] [7]
[11]. As indicated in their reports, both CT-rich PB (wood chips) and SL (forag-
es) are economical and easily manageable feed ingredients for small ruminants.
However, the impacts of feeding a combination of these two different types of
CT-rich feeding ingredients on animal performance and digestibility in meat
goats are unknown and need to be determined. There is a possibility to enhance
the beneficial effects of CT on microbial physiology in the rumen because of the
extent of phenolic metabolites derived from mixed CT. Compared with other
ruminants, goats are more easily utilized in plants containing a relatively high-

level CT because they can be readily induced by dietary tannins to produce a
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tannin-binding protein in saliva that carries tannin-tolerant bacteria to overcome
the negative impacts of CT on digestibility in the rumen. Hence, there is a po-
tential to use a mixed CT-rich PB and SL as roughages in meat goats’ feedstuffs.
Different forms and energy levels of diets influence carcass composition and
meat properties in food animals [15]. Condensed tannins (CT) are phenolic
compounds that might limit the ruminal biohydrogenation of unsaturated die-
tary fat during digestion and prevent the oxidation of meat due to their antioxi-
dant properties [9]. Therefore, feeding CT containing supplements to ruminants
may increase unsaturation and antioxidant properties in their edible tissues. The
objective of this research was to determine the effect of incorporating CT-rich
PB and SL into meat goats’ diets on carcass traits, chemical composition, and

meat quality of chevon, as well as on body and muscle fats of meat goats.

2. Materials and Methods

The animals exercised in this study were managed according to the Live Animal
Use in Research Guidelines of the Institutional Animal Care and Use Committee
of the Tuskegee University (Tuskegee, AL, USA). Twenty-four Kiko crossbred
(Capra hircus) intact male goats (BW = 37.3 + 2.56 kg; approximately 8 months
of age) were assigned randomly to a corn basal diet supplemented with either: 1)
bermudagrass hay; 2) sericea lespedeza (SL, Lespedeza cuneate); 3) pine bark
(PB, Pinus taeda L.); or 4) mixed SL and PB (Table 1). The proportions of corn
basal diet composed predominantly of cracked corn and alfalfa meal were iden-
tical in all diets. Both SL and bermudagrass were harvested at roughly 60 cm
height from pure stands. The concentrations of condensed tannins (CT) in SL
and berumdagrass hays were around 6.5% and 0.8% on a dry matter (DM) basis,
respectively. Freshly air-dried PB containing approximately 10.3% CT on DM
was ground with a Hammer Mill (Model No. 1250; Lorenz MFG Co., Benson,
MN, USA) to roughly 3-mm particle size before preparing dietary supplements.
Goats were individually housed indoors in pens of approximately 1.2 m* with
elevated floors and initially fed at 4% of their body weight (BW) once daily, with
feed offered, orts recorded, and adjustments made daily to allow 10% feed refus-
al, with ad libitum access to water for 50 days.

At the conclusion of feeding trial, goats were transported and harvested at a
USDA-approved abattoir at the Fort Valley State University (Fort Valley, GA,
USA) using standard procedures. Hot carcass weight (HCW) was recorded on
the day of slaughter, and carcasses were chilled at 2°C for 24 h. Subsequently,
cold carcass weight (CCW) and carcass shrink were also determined. Dressing
percentage (DP) also reported as that proportion of the live weight that remains
in the carcass. Ultimate muscle pH was measured between the 12th and 13th ribs
at 24-h postmortem using a portable pH meter (Fisher Scientific, Pittsburgh, PA,
USA) with a penetrating probe (Pakton” Model OKPH1000N, Fisher Scientific).
On day 2 postmortem, carcasses were fabricated into primal cuts, and each por-

tion of primal cuts was recorded. Furthermore, three different fat depots such as
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Table 1. Ingredient and nutrient composition of experimental diets fed to Kiko crossbred
intact male goats.

Diet®
Item
BG SL PB SL + PB
Ingredient, %
Cracked corn 50.0 50.0 50.0 50.0
Alfalfa meal 10.0 10.0 10.0 10.0
Soybean meal 5.0 5.0 5.0 5.0
Molasses 3.5 3.5 3.5 3.5
Vitamin and mineral mix® 1.0 1.0 1.0 1.0
Salt 0.5 0.5 0.5 0.5
Bermudagrass hay, BG 30.0 - - -
Sericea lespedeza, SL - 30.0 - 15.0
Pine bark, PB - - 30.0 15.0
Nutrient composition, % DM
Crude protein, CP 14.8 16.0 13.0 14.7
Ether extract 3.11 4.13 3.35 3.65
Ash 9.10 10.2 9.97 10.0
Acid detergent fiber, ADF 30.7 33.3 34,5 30.7
Neutral detergent fiber, NDF 48.6 42.9 51.6 45.6
Nonfiber carbohydrate, NFC 28.7 26.8 23.0 25.8
Condensed tannins, CT 0.49 4.01 4.90 4.50
Fatty acid, %
C12:0 0.08 0.07 0.20 0.14
C14:0 0.52 0.51 0.71 0.61
C14: 1In5 0.12 0.12 0.11 0.11
C16:0 22.58 22.39 20.80 21.63
Cl16: 1n7 4.39 5.23 4.26 4.76
C18:0 6.15 5.24 6.75 5.97
C18: 1n9 35.69 35.83 36.65 36.23
C18: 2n6 26.56 26.64 26.68 26.66
C18:3n3 391 3.96 3.84 3.90

*BG = basal diet (BD) supplemented with bermudagrass hay; SL = BD supplemented with sericea lespedeza;
PB = BD supplemented with pine bark; SL + PB = BD supplemented with combined SL and PB. "Composi-
tion: Ca, 9.0%; P, 8.0%; NaCl, 41%; K, 0.1%; Cu, 17,500 mg/kg; Se, 25 mg/kg; Zn, 7500 mg/kg; vitamin A,
308,000 IU/kg; vitamin D, 24,200 IU/kg; vitamin E, 1650 IU/kg.

subcutaneous, intramuscular, and kidney fats were also collected from each car-
cass for fatty acid analysis. Longissimus muscle (LM; intramuscular fat) and

subcutaneous fat were excised and removed, respectively, from the loin area, and
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kidney fat was also obtained from each carcass. All fat samples were individually
ground in liquid nitrogen, placed in polyethylene bags (NASCO Inc., Fort
Atkinson, WI, USA), and stored at —28°C for further analysis. Loin from each
carcass was sliced into 2.5-cm loin chops and then used to measure fresh meat
color (CIE L* a* b*), Warner-Bratzler shear force (WBSF) values, and cooking
losses.

The Commission Internationanle de I’Eclairage (CIE) L* (lightness) a* (red/
green value) b* (blue/yellow value) color space notation was used to present the
color coordinate values of fresh chevon, which were measured on the surfaces of
four loin chops from each carcass after a 45-min bloom time at 4°C using a
HunterLab Color instrument (Minolta Chromameter, Model CR-200, Minolta,
Japan) with illuminant D65 as a light source. After measuring color coordinate
values, the four chops were cooked according to the procedures described by Lee
et al. [9]. The difference in weight of chops before and after cooking was re-
ported as a percentage of cooking loss. Two cores were taken from each cooked
chop and Warner-Bratzler shear force (WBSF) values were assessed using a
TA-XT2 texture analyzer fitted with a Warner-Bratzler shear attachment (Tex-
ture Technologies Corp., Scarsdale, NY, USA).

Myoglobin and percent metmyoglobin (MetMb) contents were determined
using the ground LM sample (5.0 g) according to the method of Krywicki [16].
Myoglobin and MetMb contents were measured at 525, 572, and 700 nm using a
Shimadzu (model UV-2401 PC) spectrophotometer, and the concentrations of
myoglobin (mg/g muscle) and MetMb (%) were calculated using Krywicki’s eq-
uation [16]. The thiobarbituric acid reactive substances (TBARS) assay was per-
formed on the ground Longissimus muscle (LM) sample (0.5 g) as described by
Buege and Aust [17] using 1,1,3,3-tetramethoxypropane (TMP) for preparation
of a standard curve of malondialdehyde (MDA). The TBARS were calculated
from the standard curve of MDA and expressed as mg MDA/kg sample.

Proximate composition of LM samples was analyzed according to Association
of Official Analytical Chemists (AOAC) methods [18]. Total lipids were ex-
tracted from 3.0 g of LM or 0.1 g of fat depot samples with chloroform/methanol
(2:1 v/v), using a homogenizer (Cyclone 1Q? Virtis Co., Gardiner, NY, USA) for
3 X 30 s at 30,000 rpm [19]. Extracted lipid was saponified and esterified ac-
cording to the American Oil Chemists’ Society (AOCS) method [20] of prepa-
ration of fatty acid methyl esters (FAME). The prepared FAME were analyzed
using a Thermo Electronic (Austin, TX, USA) gas chromatography (Model
TRACE GC Ultra) equipped with an automatic sampler Model AS-3000 (Ther-
mo Electronic Co.). A 0.25-mm i.d. by 60-m long fused silica SP-2380 capillary
column (Supelco, Inc., Bellefonte, PA, USA) was used to separate the methyl es-
ters, which were detected with a flame ionization detector (FID). The injection
temperature was 240°C and the column temperature was programmed from
130°C to 220°C at 4°C/min. Helium was the carrier gas, with a flow rate of 1.6

mL/min and a split ratio of 30:1. The identification and quantitation of individ-
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ual FAME in the sample were also completed according to the AOCS method
[20]. Fatty acids were identified by matching their retention times with those of
known standards (Sigma Chemical Co., St. Louis, MO) including decanoic
(C10:0), lauric (C12:0), tridecanoic (C13:0), tridecenoic (C13: 1n9), myristic
(C14:0), myristoleic (Cl4: 1n5), pentadecanoic (C15:0), palmitic (C16:0),
iso-palmitic (C16:0, 7so0), palmitoleic (C16: 1n7), trans-7-hexadeanoic (C16: 1n7,
trans), margaric (C17:0), heptadecanoic (C17: 1n7), stearic (C18:0), oleic (C18:
1n9), elaidic (C18: 1n9, trans), vaccenic (C18: 1nll, trans), linoleic (C18: 2n6),
conjugated linoleic (C18:2, CLA), a-linolenic (C18: 3n3), eicosanic (C20:0),
11-eicosenoic (C20: 1n9), eicosatrienoic (C20: 3n6), arachadonic (C20: 4n6), ei-
cosapentaenoic (C20: 5n3), docosanoic (C22:0), and docosatrienoic (C22: 5n3)
acids.

All data were analyzed as a completely randomized design using the GLM
procedure of SAS (SAS Inst. Inc., Cary, NC, USA), with individual goats as the
experimental units. Least squares means were generated and separated using the
PDIFF options of SAS (pairwise #test). Significant effects were determined at P
< 0.05, but differences with P < 0.1 were considered as trends.

3. Results

Average daily gain (ADG) of the experimental goats was not significantly dif-
ferent among four different supplementation groups. The ADG was 147.4, 85.7,
75.5, and 83.5 (+24.95) g/d for bermudagrass hay (BG)-, sericea lespedeza (SL)-,
pine bark (PB)-, and mixed SL and PB-supplements (SL + PB), respectively.
Subsequently, no significant differences were found in the finial live weight of
the goats supplemented with control (BG), SL, PB, or mixed diet (44.9, 41.8,
36.5, 42.2 + 2.73 kg). Accordingly, no significant differences were found in the
carcass traits of goats fed four different supplemented diets (Table 2). There
were no differences (P> 0.10) in mean weights of any of primal cuts, fasting live,
hot and cold carcass, as well as in carcass shrinkages, dressing percentages, and
loin areas among goats fed the four different dietary supplements.

In this study, ultimate pH in the Jongissimus muscle (LM) was not signifi-
cantly different among goats fed the four different supplements (Table 3).
However, significant differences were found in all three CIE L* (lightness), a*
(redness) and b* (yellowness) color coordinate values of the LM from goats fed
the four different dietary supplements (Table 3). The LM from goats supple-
mented with pine bark (PB) had higher (£ < 0.05) CIE L*, a* and b* values than
that from goats fed with other three supplements. There were no differences (2>
0.10) found in myoglobin (Mb) contents in the LM from goats fed the four dif-
ferent dietary supplements (Table 3). The LM from goats fed the PB supple-
mented diet had higher (£ < 0.05) MetMb concentrations and thiobarbituric ac-
id reactive substances (TBARS) values than that from goats fed other three sup-
plemented diets. There were no dietary supplementation effects on meat water

holding capacity as measured by cooking loss (Table 3). However, significant
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Table 2. Least squares means (n = 6) for selected carcass traits in Kiko crossbred intact
male goats fed different dietary supplements containing concentrated tannins (CT).

Diet®
Item
BG SL PB SL + PB SE

Fasting live weight, kg 41.55 37.35 33.68 38.67 2.796
Hot carcass weight, kg 16.69 16.03 13.83 15.99 1.419
Cold carcass weight, kg 15.78 15.14 12.98 15.09 1.379
Carcass shrink, % 5.54 5.58 6.23 5.58 0.458
Dressing percentage, % 40.13 42.76 41.07 40.94 0.865
Loin area, cm? 13.93 13.87 11.87 13.74 0.920

Primal cuts, kg
Neck 1.57 1.41 1.26 1.45 0.149
Shoulder 1.72 1.69 1.31 1.79 0.228
Fore shank 3.20 3.10 2.75 2.94 0.225
Breast and Rack 2.56 2.41 1.98 2.45 0.248
Loin 1.00 0.99 0.94 1.05 0.121
Frank 0.75 0.73 0.51 0.71 0.009
Leg 4.07 3.95 3.48 3.80 0.367
Hind shank 0.85 0.84 0.72 0.87 0.067

*BG = basal diet (BD) supplemented with bermudagrass hay; SL = BD supplemented with sericea lespedeza;
PB = BD supplemented with pine bark; SL + PB = BD supplemented with combined SL and PB. Within a
row, least squares means that do not have a common letter differ (P < 0.05).

Table 3. Least squares means (n = 6) for quality characteristics of loin chops from Kiko
crossbred intact male goats fed different dietary supplements® containing concentrated
tannins (CT).

Loin chop
Parameter
BG SL PB SL + PB SE
Fresh

L* value 38.74° 38.36° 42.40¢ 39.32¢ 0.787
a* value 11.72d° 10.89° 12.65¢ 11.06° 0.405
b* value 9.78° 9.20° 11.70¢ 9.65° 0.149
Myoglobin, mg/g 4.99 5.40 4.04 4.25 0.674
Metmyoglobin, % 3341° 31.91° 42.50¢ 31.22° 2.536
TBARS’, mg MDA/kg 0.45° 0.35° 0.82¢ 0.34° 0.109
Ultimate pH 5.60 5.95 5.47 5.69 0.164

Cooked
Cooking loss, % 23.81 16.08 16.57 16.32 3.294
WBSF¢, kg/cm® 3.74¢ 3.26° 3.03¢ 3.414% 0.130

‘BG = basal diet (BD) supplemented with bermudagrass hay; SL = BD supplemented with sericea lespedeza;
PB = BD supplemented with pine bark; SL + PB = BD supplemented with combined SL and PB. "TBARS =
thiobarbituric acid reactive substances calculated as milligrams melondialdehyde per kg of fresh sample.
“WBSF = Warner-Bratzler shear force values. **Within a row, least squares means that do not have a com-
mon letter differ (P< 0.05).
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differences were found in the Warner-Bratzler shear force (WBSF) values of loin
chops from goats fed the four different dietary supplements. Chops from goats
fed the control (BG-supplement), containing negligible amounts of CT, had
higher (P < 0.002) WBSF values than those from goats fed either SL- or
PB-supplement, containing relatively high amounts of CT.

Proximate compositions of LM from goats fed the four different experimen-
tal diets are presented in Table 4. No differences (P > 0.10) were observed in
mean levels of moisture between goats supplemented with negligible amounts
of CT (BG or control diet) and those supplemented with three different CT-
containing dietary supplements (SL, PB and SL + PB), whereas goats fed with
PB-supplementation had lower (P < 0.05) moisture contents in the LM than
those fed with the mixed CT (SL + PB) supplementation. Mean concentrations
of ash in the LM of goats fed the mixed CT diet were higher (P < 0.03) than in
the LM of goats fed the control diet; however, no significant differences were
found in ash concentration among goats fed the control, SL, and PB diets. Addi-
tionally, no differences (P > 0.10) were found in the crude protein and fat con-
tents in the LM of goats fed the experimental diets.

Fatty acids identified in the intramuscular fat of /ongissimus muscle (LM)
from goats fed with four different dietary supplements consisted of eight satu-
rated (SFA: C12:0, C14:0, C16:0 iso, C16:0, C17:0, C18:0, C20:0, and C22:0),
seven monounsaturated (MUFA: C14: 1n5, C16: 1n7 trans, C16: 1n7, C18: 1n9
trans, C18: 1n9, C18: 1nl1 trans, and C20: 1n9), and six polyunsaturated (PUFA:
C18: 2n6, C18:2 CLA, C18: 3n3, C20: 4n6, C20: 5n3, and C22: 5n3) fatty acids
(Table 4). No differences (P > 0.10) were found in the concentrations of indi-
vidual SFA and MUFA with C12 and C17 carbon chains in the intramuscular
(LM) fat among goats fed the four different supplementations, whereas long
chain fatty acids with C18 to C22 carbon chains were significantly influenced by
the CT-containing dietary supplementations. Goats fed either SL or PB supple-
ment containing relatively high amounts of CT had a lower (P < 0.05) percen-
tage of C18:0 in LM than those fed the BG supplement (control) containing neg-
ligible amounts of CT, but mean percentage of eicosanic (C20:0) in the LM from
goats fed PB supplement was higher (P < 0.05) than that from goats fed the con-
trol supplement. Furthermore, no significant differences were found in the con-
centrations of C18:0 and C20:0 in the LM among goats fed CT-containing sup-
plements (SL-, PB-, and SL + PB-diet). Mean concentrations of elaidic (C18: 1n9
trans), vaccenic (C18: 1nll trans), C18: 2n6 and a-linolenic (C18: 3n3) acids of
the LM of goats consuming the PB supplement were higher (2 < 0.05) than that
of goats fed the BG supplement (control). Furthermore, goats fed the PB sup-
plement also had a higher (P < 0.05) concentration of C18: 2n6 in the LM than
those fed the SL supplement. No differences (P> 0.10) were detected in the con-
centrations of C18: 1n9 trans, C18: 1nll trans and C18: 3n3 in the LM of goats
fed supplements containing relatively high amounts of CT. Mean concentrations
of C18: 1n9, eicosenic (C20: 1n9), eicosapentaenoic (C20: 5n3), and docosatrie-
noic (C22: 5n3) acids in LM were not different (P > 0.10) between the control
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Table 4. Least squares means (n = 6) for proximate and fatty acid composition (weight
percent of fatty acid methyl esters) of longissimus muscle (intramuscular fat) from Kiko
crossbred intact male goats fed different dietary supplements containing concentrated
tannins (CT).

Diet*
Parameter
BG SL PB SL + PB SE
Proximate composition, %
Moisture 76.39% 76.82% 75.07¢ 77.40° 0.562
Crude protein 21.41 20.93 21.56 21.01 0.227
Ether extracted 1.54 1.67 1.41 1.18 0.185
Ash 1.06¢ 1.11% 1.16> 1.18° 0.029
Fatty acid, %
C12:0 0.90 0.95 0.97 0.80 0.072
C14:0 6.47 6.08 7.43 6.78 0.830
Cl14: 1n5 0.25 0.23 0.38 0.23 0.042
C16:0, iso 0.58 0.60 0.48 0.45 0.067
C16:0 16.62 17.27 16.16 16.40 0.512
C16: 1n7, trans 0.81 1.03 0.94 0.87 0.054
Cl16: 1n7 2.01 1.58 2.19 2.20 0.182
C17:0 1.06 1.11 1.24 0.96 0.068
C18:0 16.93° 15.01° 14.93¢ 15.33% 0.505
C18: 1n9, trans 1.97¢ 2.30% 3.20° 2.74% 0.161
C18: 1n9 36.89% 38.32° 32.62¢ 33.96% 1.169
C18: 1nl1, trans 0.94¢ 1.03< 1.09° 1.08% 0.036
C18:2n6 5.56° 6.19° 8.21° 7.65% 0.582
C18:2, CLA 0.72 0.76 0.81 0.80 0.044
C18: 3n3 0.57°¢ 0.74% 0.91° 0.82° 0.046
C20:0 0.89° 0.96" L.11® 0.92% 0.074
C20: 1n9 0.67% 0.49° 0.67" 0.77° 0.052
C20: 4n6 2.53 2.12 2.81 3.00 0.215
C20: 5n3 0.38" 0.35¢ 0.44° 0.32¢ 0.015
C22:0 2.18 1.82 2.27 2.42 0.197
C22: 5n3 0.61% 0.44° 0.65% 0.72° 0.053

‘BG = basal diet (BD) supplemented with bermudagrass hay; SL = BD supplemented with sericea lespedeza;
PB = BD supplemented with pine bark; SL + PB = BD supplemented with combined SL and PB. >**Within a
row, least squares means that do not have a common letter differ (P < 0.05).

(BG) and high CT-containing supplements (SL, PB, and SL + PB). Compared
with goats fed the SL supplement, goat fed the PB supplement had a lower (P <
0.05) C18: 1n9 acid levels in the LM, whereas goats fed the mixed (SL + PB) sup-
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plement had higher (2 < 0.05) levels of C20: 1n9 and C20: 5n3 acids.
Twenty-seven fatty acids identified in kidney and subcutaneous fats from

goats fed with four different dietary supplements were also divided into three

major groups: SFA, MUFA and PUFA (Table 5). In the SFA (C10:0, C12:0,

Table 5. Least squares means (n = 6) of fatty acids (weight percent of fatty acid methyl
esters) within kidney and subcutaneous fat depots of Kiko crossbred intact meat goats fed
different dietary supplements® containing concentrated tannins (CT).

Kidney fat Subcutaneous fat

Fatty acid, %
BG SL PB  SL+PB SE BG SL PB SL+PB SE

C10:0 2,53 2.01 230 234 0301 254 266 262 253 0392
C12:0 1.75 173 1.26 1.64 0.122 0.69 1.05 1.04 074 0.286
C13:0 0.24°  0.17° 0.20° 0.19* 0.014 0.46 0.56 0.57 0.49  0.171
C13:1n9 0.27 022 0.25 024 0014 021 034 037 026 0.148
C14:0 0.53 0.48 0.49 0.51 0.035 334 509 493 350  0.547

Cl4: 1n5 0.29° 0.24° 0.27°¢  0.25° 0.010 049 057 0.52 0.48  0.287
Cl15:0 0.05 0.08 0.9 008 0.009 067 062 075 064 0.162
C16:0, iso 0.35°  0.09° 0.09° 0.12° 0.020 1.03 1.03 0.95  0.83 0.140
Cl16:0 19.60° 19.31° 19.54° 16.76° 0.664 2125 2023 19.61 20.85 0.739
Cl16:1n7, trans 053 0.50 0.40  0.49 0.039 0.63 068 084 062 0.074
Cl16: 1n7 2.21% 1.89¢ 226° 179 0.083 2.17 211 2.82 2.18  0.189
C17:0 0.74> 0.58° 0.70®  0.61° 0.019 1.88> 206> 3.19* 1.61° 0.332
Cl17: In7 0.45° 0.36° 0.33°  0.33° 0.019 045 0.55 035 033 0.118
Cl18:0 3544 3581 3611 3425 1.266 14.67° 13.73* 9.12¢ 1590 1.548
C18:1n9, trans  6.51° 6.67° 9.27° 831 0.630 251 2.62 265 268 0.159
C18: 1n9 2273 21.60 19.72 21.01 0.794 40.30 38.19 40.95 38.17 1.723
Cl18: 1nl1, trans 0.50° 0.55b¢ 0.66° 0.61b° 0.030 0.78> 0.78> 1.03> 0.74° 0.061
C18:2n6 2.50° 4.55° 548> 433 0313 1.48° 2.42% 222> 275" 0.288
C18:2, CLA 0.62° 0.86° 0.81° 0.79 0.049 044 0.65 054  0.59 0.045
C18:3n3 067 066 085 08 0.063 098 089 127 118 0.111
C20:0 0.09 0.11 0.13 0.12 0.007 0.1 0.3 011  0.10 0.011

C20: 1n9 0.05° 0.07° 0.08° 0.08> 0.005 0.07 0.07 0.09 0.08 0.014

C20: 3n6 061 071 081 073 0.049 037 045 035 035 0.044
C20: 4n6 046 041 038 043 0002 1.70 173 214 1.60 0.225
C20: 5n3 026 022 025 023 0011 024 030 021 022 0.045
C22:0 0.18 022 027 030 0.035 031 033 043 035 0.037
C22:5n3 0.12 0.10 0.10 0.09 0.010 0.27 0.18° 0.37°> 0.24> 0.031

*BG = basal diet (BD) supplemented with bermudagrass hay; SL = BD supplemented with sericea lespedeza;
PB = BD supplemented with pine bark; SL + PB = BD supplemented with combined SL and PB. *Within a
row, least squares means that do not have a common letter differ (P < 0.05).
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C13:0, C14:0, C15:0, C16:0 iso, C16:0, C17:0, C18:0, C20:0 and C22:0) portion,
significant differences were found in the mean concentrations of tridecanoic
(C13:0), iso-palmitic (C16:0 iso), C16:0 and margaric (C17:0) acids in the kidney
fats from goats fed the experimental supplementations; moreover, the mean
concentrations of C17:0 and C18:0 acids were also different (P < 0.05) in the
subcutaneous fats. Compared with goats fed the control supplement (BG-diet),
goats supplemented with SL had lower (2 < 0.05) concentrations of C13:0, C16:0
iso and C17:0 acids in the kidney fats, and goats fed with PB and mixed (SL +
PB) supplements had also lower concentrations of C16:0 iso and C17:0 and
C16:0 iso acids, respectively. In the subcutaneous fat, goats fed the PB supple-
ment had a higher percentage of C17:0 than those fed the combined (SL + PB)
supplement, but none of the CT-containing supplements was different from the
control ones. Mean percentage of C18:0 in goats fed the PB supplement was
lower (P < 0.05) than those fed the control (BG). Of the MUFA (C13: 1n9 Cl14:
In5, C16:1 trans, C16: 1n7, C17: 1n7, C18: 1n9 trans, C18: 1n9, C18: 1nll trans
and C20: 1n9), differences (P < 0.05) were found in the mean concentrations of
myristoleic (C14: 1n5), palmitoleic (C16: 1n7), heptadecenoic (C17: 1n7), CI18:
1n9 trans, C18: 1nll trans and C20: 1n9 acids in the kidney fats from goats fed
four different dietary supplements; moreover, the mean concentration of C18:
1n9 frans acid was also different (2 < 0.05) in the subcutaneous fats. Compared
with goats fed the control, goats supplemented with SL had lower (P < 0.05)
concentrations of C14: 1n5 and C17: 1n7 acids in the kidney fats; moreover,
goats fed with PB and mixed (SL + PB) supplements had also lower (P < 0.05)
concentrations of C17: 1n7 and C16: In7 and C17: 1n7 acids, respectively.
However, goats supplemented with PB had higher (2 < 0.05) concentrations of
C18: 1n9 frans, C18: 1nl1 transand C20: 1n9 acids in the kidney fats than goats
fed the control (BG-supplement). In the subcutaneous fats, goats fed the PB
supplement had a higher (£ < 0.05) percentage of C18: 1nl11 trans than those fed
the mixed (SL + PB) supplement, but none of the CT-containing supplements
was different from the control ones. In the PUFA (C18: 2n6, C18:2 CLA, C18:
3n3, C20: 3n6, C20: 4n6, C20: 5n3 and C22: 5n3) portion, significant differences
were found in the mean concentrations of C18: 2n6 and conjugated linoleic
(C18:2 CLA) acids in the kidney fats from goats fed the experimental diets;
moreover, the mean concentrations of C18:2 CLA and C22: 5n3 acids were also
different (P < 0.05) in the subcutaneous fats. Compared with goats fed the con-
trol, goats supplemented with SL had higher (2 < 0.05) concentrations of C18:
2n6 and C18:2 CLA acids in the kidney fats, and goats fed with PB supplement
also had a higher (2 < 0.05) concentration of C18: 2n6 acid. In subcutaneous fat,
goats fed the combined (SL + PB) supplement had a higher (£ < 0.05) percentage
of C18: 2n6 than those fed the control, but neither of the CT-containing sup-
plements was different. Furthermore, goats fed the PB supplement had a higher
(P < 0.05) percentage of C22: 5n3 than those fed the SL supplement, whereas

none of the CT-containing supplements were different from the control ones.
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4. Discussion

No differences (£ > 0.10) in the ADG and final weight of the goats fed the con-
trol (BG) and three different CT containing supplements (SL, PB, and SL + PB)
indicated that meat goats tended to tolerate and perform well when consuming
CT from either forage-, wood-derived products, or their mixed CT products. In
general, feeding forages containing high concentrations of CT has been reported
to restrict intake and reduce overall weight gain by livestock [21]. However, Min
et al. [22] suggested that feeding CT containing plants increases rumen bypass
proteins, thereby counteracting proteins become available for digestion. Such
mechanism to increased rumen bypass leading to more efficient utilization of
protein due to the action of CT in the supplementations was not revealed in the
present study because further improved performance of the CT supplemented
goats was not found in this present feeding trial. Results of the present study dif-
fer from those of Hoskin et al. [23] who reported that lambs fed high-CT con-
taining forages (up to 8% DM CT) were heavier at slaughter than those fed fo-
rages containing no detective CT. However, it is not clearly understood how CT
affect carcass traits.

The ultimate muscle pH is important for fresh meat due to its effect on shelf
life, color, and quality of fresh meat. In the present study, ultimate pH in the
longissimus muscle (LM) of meat goats was not significantly affected by the CT
containing supplements (Table 3). On the contrary, a significant difference in
the ultimate pH of LM was observed in lambs fed the tannin-containing diet
[24]; moreover, high ultimate pH in the LM from lambs fed the tannin-containing
diet might be associated with malnutrition and stress in general [25]. However,
such detrimental effects on the performance of experimental goats were not ob-
served in the present study. Previous data [26] and our findings indicated that
meat goats more easily overcome the negative impacts of CT on ruminant diges-
tion tracts compared with sheep and cattle.

The visual appearance of fresh meat is based on color, marbling and wa-
ter-holding capacity [27]. Changes in meat color are closely associated with lipid
and pigment oxidation, as well as with microbial load [28]. Yet the mechanism
of condensed-tannins on fresh meat color is not clearly defined. In the present
study, all three CIE L* (lightness), a* (redness) and b* (yellowness) color coor-
dinate values of the LM in meat goats were significantly influenced by feeding
dietary CT supplements (Table 3). Priolo et al. [24] reported that the LM from
lambs fed carob pulp (tannin-enriched diet; 2.5% DM CT) had a lighter color
(higher CIE L* value) of LM with decreased blood hemoglobin concentrations
compared with those fed diets containing no detective CT. Furthermore, the au-
thors suggested that the reduction of hemoglobin and myoglobin in LM from
CT fed lambs could account for the differences in color; however, no differences
in the redness (CIE a* value) and yellowness (CIE b* value) of LM were detected
in their study. In the present study, higher CIE a* (redness) and b* (yellowness)
values in PB supplemented goats could not be fully explained by the hypothesis

DOI: 10.4236/as.2021.125029

456 Agricultural Sciences


https://doi.org/10.4236/as.2021.125029

J. H. Lee, B. R. Min

from Priolo et al [24]. To that end, further investigation is needed to better un-
derstand the effect of dietary CT on the fresh meat color of small ruminants.
Myoglobin (Mb) contents in the LM from meat goats were not changed in this
study (Table 3). According to Wan Zabari and Wahid [29], Mb contents of
crossbred goats ranged from 3.11 to 6.49 mg/g flesh, where the mean ranges of
Mb in the present study were 4.04 - 5.40 mg/g fresh meat (Table 3). Several live
animal-related factors including species, maturity, sex, and muscle groups are
known to influence Mb contents in general [30]. In fresh-cut meat, Mb can exist
in any of the three redox forms, mainly deoxymyoglobin (DeoxyMb), oxymyog-
lobin (OxyMb), and metmyoglobin (MetMb), and their proportions depend on
the levels of saturation Mb with oxygen [31]. Formation of brown MetMb is oc-
curred in the interior of the fresh meat because of the lack of oxygen penetrating
below the surface. Such low oxygen concentrations may induce oxidation of Mb
to MetMb that is associated with meat discoloration [32]. In the present study,
the increments of MetMb concentrations and thiobarbituric acid reactive sub-
stances (TBARS) values were observed in the LM from goats fed the PB supple-
mented diet (Table 3). Perhaps MetMb reducing enzyme systems in the LM
from PB-fed goats were disrupted, followed by slow conversion of MetMb into
DeoxyMb, and subsequently accumulated MetMb upon analyzing. In general,
TBARS are useful to determine the degree of lipid oxidation occurred in meat
products. Furthermore, lipid oxidation results in the production of free radicals,
which may lead to the oxidation of meat pigments and the generation of rancid
odors and flavors [33]. Higher TBAR values in LM were not expected in loin
chops from goats fed the PB-diet, which is known to retard the rate of lipid oxi-
dation due to the accumulation of phenolic compounds derived from the PB.
Several researchers reported a strong relationship between lipid oxidation and
myoglobin oxidation [34] [35]. Our results confirmed this relationship only in
the LM from PB-fed goats, which exhibited higher myoglobin oxidation and li-
pid oxidation levels. However, in the present study, it remains unclear why
higher MetMb concentrations and TBAR values were observed in loin chops
from PB- fed goats as compared to those from goats fed the other three diets.
There were no dietary supplementation effects on meat water holding capacity
as measured by cooking loss (Table 3). However, significant differences were
found in the Warner-Bratzler shear force (WBSF) values of loin chops from
goats fed the four different dietary supplements (Table 3). Chops from goats fed
the control (BG-supplement), containing negligible amounts of CT, had higher
(P <0.002) WBSF values than those from goats fed either SL- or PB-supplement,
containing relatively high amounts of CT. Similar results were reported by Pri-
olo et al [24] in lambs, who reported that CT-containing dietary regimen posi-
tively influenced the tenderness of lamb without changing its water holding ca-
pacity. In the present study, incorporating the higher CT concentration in the
experimental diets affected the eating quality of chevon (Table 3). The accepta-
ble limit for lamb toughness is about a 3 kg Warner-Bratzler shear force (WBSF)
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for Australian and New Zealand consumers [36], whereas the toughness value of
chevon from the present study was over this acceptable limit (Table 3). Many
internal and external factors influence the shear force values of meat, such as the
treatment of animals prior to slaughter, post-mortem methodologies, the sam-
pled muscle, and method of sample preparation; moreover, fiber type and total
and soluble collagen contents mainly affect sensory tenderness of meat [36]. Pri-
olo et al [24] noted that feeding tannin containing diets increased the ultimate
pH of fresh lamb by reducing the shear force of cooked lamb, which corres-
ponded to reports of reduced shear force for muscle with high ultimate pH [37].
Such a trend was not found in the present study, but the reason for the discre-
pancy is not known at this time. Perhaps relatively high CT-containing diets af-
fected the collagen content and solubility in chevon because nutritional factors
can influence the functional property of collagen [38]. However, it is not fully
understood how CT affects the collagen content and solubility in muscle.

In general, the proximate composition of muscle in livestock is influenced by
diet and breed, as well as age and gender [39]. Development of muscle depends
on nutrient composition and utilization; therefore, the energy contents of the
diet might partially explain the difference in the chemical composition of muscle
[39]. In the present study, meat goats were offered isonitrogen and isoenergy di-
ets, thereby expecting no difference in the proximate composition of LM from
the meat goats, especially protein and fat contents (Table 4). Priolo et al [40]
reported that Longissimus dorsi (LD) muscle from lambs fed fresh sulla either
with or without polyethylene glycol (PG; a binding agent that eliminates the ef-
fects of CT) was not significantly different in proximate composition. The results
of their study contradict those of Barry ef al [41] who reported a lower percen-
tage of fat and a higher content of crude protein in LM from tannin (Lotus pe-
dunculatus)-fed lambs, compared with lambs fed the same diet supplemented
with PG. This trend was expected because of inducing to decrease ruminal pro-
tein degradation and to improve the efficiency of dietary protein by the action of
CT in the SL and PB. However, such a trend was not observed in the present
study.

In general, ruminant products such as meat and milk contain high levels of
SFA and lower levels of PUFA [42]. However, fresh meat from pasture-raised
ruminants generally contains a higher concentration of PUFA than that from
concentrated fed ruminants [36]. According to Webb et al [36], the current
recommendation by health professionals for a PUFA/SFA ratio is approximately
0.45 because of the negative effects of dietary saturated fats on human health,
whereas the PUFA/SFA ratios (0.23 to 0.31) in the present study were lower than
the recommended ratio (Table 4). Efforts to increase the concentrations of
PUFA in ruminant meat and milk had very limited successes because ruminal
microorganisms hydrogenate PUFA during digestion [43]. Several feeds con-
taining tannins were supplemented to increase PUFA contents including C18:2

CLA (rumenic acid) in ruminant meat and milk [44], through the manipulation
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of ruminal biohydrogenation. From the ruminal biohydrogenation of C18 PUFA
(linoleic and linolenic acids), a large amount of frans forms of C18:1 isomers are
derived and accumulated in animal tissues [41]. However, tannins are phenolic
compounds that limit the activity of ruminal biohydrogenation in vitro studies
[44] [45] and increase muscle A9-desaturatase protein expression [44] ruminal
microorganisms during digestion. Furthermore, a large portion of vaccenic
(C18: 1n11 trans) acid generated from ruminal microorganisms can be partially
converted to C18:2 CLA (rumenic acid) in the edible tissues of ruminants by the
action of A9-desaturatase enzyme. Because of the suppression of ruminal biohy-
drogenation, C18: 2n6 and C18: 3n3 acids were present at higher concentrations
in the muscle of PB-supplemented goats when compared with those fed tan-
nin-free supplements (control or BG-supplement). However, vaccenic (C18: 1n11
trans) acid was present at a higher concentration in the muscle of PB-supplemented
goats when compared with those fed tannin-free supplements (Table 4). Perhaps
the vaccenic acid from ruminal biohydrogenation in the present study might be
not completely converted to rumenic acid (C18:2 CLA) in the muscle from goats
supplemented with the PB in the present study. Furthermore, C18: 1n9 trans ac-
id was also present at higher concentration in the muscle of PB-supplemented
goats when compared with those fed tannin-free or SL supplements, whereas
C18:0 acid was lower in the muscle of goats fed either PB or SL supplements be-
cause dietary condensed tannins might reduce the ruminal biohydrogenation
during the digestion (Table 4). In the present study, tannin-containing supple-
ments also increase percentages of trans forms of C18:1 isomers and C18 PUFA
in the kidney fats, compared with those of goats fed tannin-free supplements,
whereas there was no tendency to increase these C18 fatty acids in the subcuta-
neous fats (Table 5). Hence, the reduction of ruminal biohydrogenation induced
by CT-containing supplements in the present study was enough to modify the
fatty acid profiles of the muscle and kidney fats, but not subcutaneous fats. Fur-
thermore, it suggested that dietary condensed tannins from pine bark might
provide a more predominated effect on ruminal biohydrogenation than those

from either sericea lespedeza alone or combined with pine bark.

5. Conclusion

It is commonly believed that higher amounts of condensed tannins can have de-
leterious effects on animal performances due to reducing protein degradation in
the rumen. However, supplementing tannins in ruminant diets has the potential
to increase unsaturated fatty acids in edible tissues via modifying ruminal mi-
crobial activities. Supplementing meat goats with forage (sericea lespedeza) and
wood-derived (pine bark) condensed tannins, as well as their combination prop-
erly maintained and regulated goats’ performances without altering the chemical
composition and quality characteristics of chevon compared with goats fed
bermudagrass. Our findings indicate that either forage-, wood-derived con-

densed tannins, or their combined one can be used as a dietary supplement since

DOI: 10.4236/as.2021.125029

459 Agricultural Sciences


https://doi.org/10.4236/as.2021.125029

J. H. Lee, B. R. Min

they do not have any detrimental effect on meat goats’ performances and meat
quality characteristics of chevon. Furthermore, feeding meat goats with wood-
derived condensed tannins probably produced tenderer and healthier chevon
than that from goats fed either forage-derived only or combined with forage and
wood derived-condensed tannins, whereas there were no synergistic effects on
meat quality properties of cheven from goats fed the combination of forage- and

wood-derived condensed tannins.
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