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Abstract: [Objective]l Effects of inclusion of an aqueous extract from stems and leaves of Panax quinquefolium L. in forage
on growth and meat quality of quails were investigated. [ Methods] One-hundred-fifty one-day-old quails were randomly
divided into 5 groups with three replicates in each group and 10 birds per replicate. The groups included a blank control that
was fed with the basic diet (CON), an antibiotic control (KSS) with 100 mgkgfI amoxicillin added to the feed, one trial group
supplemented with 1% of the extract (SD), one with 1.5% of the extract (SZ), and another with 2% of the extract (SG). The
feeding lasted for 50 d that included a 5 d preliminary adaptation period. [Results] On growth performance, the quails in the
SZ group significantly increased the average daily body weight gain (P<<0.05), while reduced the feed to meat ratio (P<<0.05).

On meat tenderness, the shear force on the breast and leg muscles of the birds in the treatment groups was significantly lower
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than that of CON or KSS (P<<0.05) with the quails in the SZ group being the most tender. On nutritional value, the breast meat
of the SG quails had the significantly higher protein than that of CON counterparts (P<<0.05), whereas those of the SZ and SG
quails significantly higher fat than that of the CON or KSS birds (P<<0.05). However, the leg muscles of either CON or KSS
quails contained significantly less protein than SZ and SG quails (P<<0.05) and less fat than SZ quails (P<<0.05). No
significant differences among the groups in the moisture content of breast and leg meats (P>0.05) were observed. Compared
with the CON group, the unsaturated fatty acid content in the chest muscle of quails in each experimental group was not
significantly reduced (P> 0.05 ), and the unsaturated fatty acid content in the leg muscle of quails in the SZ group was
significantly increased (P< 0.05 ) . The content of inosinic acid in quail muscle, the content of inosinic acid in breast muscle
and leg muscle of SZ group was significantly higher than that of KSS group (P< 0.05 ). Contents of essential amino acids and
flavor amino acids in breast muscle and leg muscle of quails in SD, SZ and SG groups were significantly higher than those in
KSS group (P< 0.05). The H. E. staining showed no abnormality in the liver and kidney of the quails under treatment. The
expression of growth hormone (GH) gene in the treatment birds was significantly higher than that in CON group (P<<0.05)
with that of the SZ quails having the highest. [ Conclusion] Addition of the aqueous extract of P. quinquefolium L. stems
and leaves in the feed accelerated the growth, improved the meat tenderness, accentuated the meat flavor of the quails without

adverse effect on the liver or kidney of the birds. The plant extract appeared to be a highly safe diet supplement applicable to

9 38 4

replace antibiotics in raising quails.

Key words: Stems and leaves of Panax quinquefolium L.; quail; growth performance; meat quality
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(100 mgkg '), 3 AN 4 e B Al F AR b 43 B0
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Table 1 Formulation and proximate analysis of experimental

diets (Bfr: gkg D
0~20d 21~45d
AR T H Pk TR
Component Iterm 0-20d 21-45d
diet diet
FK Corn 540 510
K EH1 Bean pulp 270 260
KA Tmported fishmeal 100 90
‘H# Rice bran 50 100
& H £ 4 Bone meal 15 15
J5 ¥l Ingridients B 2 TR 2 ’s
Multivitamins trace elements premix . ’
#EE Lysine 2.5 2.5
HZ K Methionine 6 6
£k Salt 1 1
Fi¥i Stone powder 12 12
FEE A Crude protein 2438 2294
5 Ca 4 4
WP 13.3 123
HUIENT Crude fat 1463 1537
374> Nutrients
HEFYE Crude fiber 343 253
#17K 43 Crush ash 61.0 69.1
AR Lysine 11.2 8.7
AR Methionine 47 3.8

T G TR A AR Mg 300 mg-kg ' Mn 90 mg-kg ' Zn 100
mgkg '~ Cu7mgkeg ' 103 mgkg ' Fe80mgkg ' .
Premixed forage contained 300 mg-kg ' Mg, 90 mg-kg ' Mn, 100 mg
kg ' Zn, 7mg-kg ' Cu, 0.3 mg-kg ' I, and 80 mg-kg ' Fe.
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Table 2 Effect of P. quinquefolium extract on growth of quails

T S8 0 o PR HR TR HBHAEE
(;roix Average daily gain/  Average daily feed intake/  Feed-weight
P (gd D (g:d™ rate
CON 3.41£0.26b 19.77+1.43a 5.811£0.42a
KSS 3.5+0.3%9 19.64+ 1.25a 5.6210.36a
SD 3.87£0.07ab 19.77+ 1.43a 5.11£0.40a
SZ 4.08+0. 11a 18.42+ 1.45a 4.511+0.36b

SG 3.82+0.26ab 18.78+ 1.37a 4.92+0.36ab

R PHE B £ AR R 2, ARNES F BARR A A 2 R R
(P<0.05) . .
Data are mean =+ standard deviation; those with different lowercase letters

represent significant difference at P<<0.05. Same for below.

22 FiESEMREIN IS E FIEF RS
22,1 HFE A E et R I A T 45 36 WL P WOR B9 RS o

Y5 CON ALY, 50 41 Mg L5 BRAILSY ) ) & 2%
FEAR (P<<0.05), PABRBEXIIGSR, & T KSS 24 W il
B, Hrp Sz ANMERAE, BESTKSSHY (£3),
¢ B VG Y 2 25 i O T g S Y 55 B JUL R BE AL 1Y
O

®3 EFSEMRIESZSMALFBRALE U] S B 2200
Table 3 Effect of P. quinquefolium extract on shear strength of
quail pectoral and leg muscles

5 B51) /7 Shear force/N

Group [ Pectoral muscle JiEML Leg muscle
CON 28.58+1.87a 22.234+2.09a
KSS 17.88+1.32b 15.20+1.99b
SD 13.061+0.98bc 11.75+1.37¢
SZ 10.90+0.91c¢ 9.70+1.72¢
SG 14.31£1.34bc 11.214+2.03¢

222 BHFELZTRBAI I A F TR RN R

WL 4 Frs, SG A &3 g L b 2 1 BT 5 o
T CON 4l (P<<0.05), SZ il SG 20 #5585 i )L v g
I % & i 3 = T CON 41 M KSS 41 (P<<0.05); SZ
1 SG 2H &% 2 R L b & 1 BT 3 it = T CON 4 Al
KSS 4l (P<<0.05), SZ 4148355kl g i % o i 3%
= T CON 4 fil KSS 41 (P<<0.05). Jiia JUL Al JiE UL v
Ko GRLAMABZER AR E (P>0.05), 455KV
PUVE 2 25 I B8 B ] 2 v 48 39 M AL A BB AL b 2 1 s
FRR I 7 4o

T4 BAFSEMHRBSIENAENERES M

Table 4 Effect of P. quinquefolium extract on common nutrients in quail meat (AL %)
ffi L. Pectoralis iR Thigh muscle
A
Group HAR g Wi KoY HHAM JE Wi Koy
Protein Fat Moisture Protein Fat Moisture
CON 21.94+2.31b 1.174+0.14b 72.37+6.47a 21.27+3.02b 1.16+0.13b 74.161+7.49a
KSS 2434+t 1.46a 1.274+0.11b 70.89+8.15a 21.41+2.69b 1.8240.16b 74.531+9.24a
SD 23.60t2.34ab 1.52£0.09ab 70.34+6.83a 23.07+2.48ab 2.71£0.05ab 72.98+10.01a
SZ 23.97+1.65ab 1.774+0.15a 71.21+£9.45a 23.94+1.94a 3.061£0.04a 73.08+6.17a
SG 24.24+1.58a 1.70+0.17a 69.90+8.34a 23.72+3.02a 2.4740.07ab 71.08+4.92a

223 HELZTRBATEIHA T EGRESEHHA

mP s fn, @B 8 FIRTIR, A4k
K A SRERR , Bk CON ZH Ak, 45336 41 ¥ AR AR
HOF IR ; 5 CON 4IAH LG, 45 3256 41 4% 525 g L o i
JER . AENKER T ERET & (P<005),
KSS 41 A1 F A I iR & it i 2 AR (P<<0.05), 4%
G N ARG TR & BRI B (P>0.05);
5 KSS M, BF A 5 41 il iR 7 = W
SD 41 1 SZ £H %% 35 B AL v A A Tk 2 A5 A B 5 T
(P<0.05). W% 6fnw, #A@MBMUT, B
SZA AN, HAH AR AN EER, KSS4.

SD ZH 1l SG £ ¥y A Al PR R ; 5 CON 41AH It
KSS 4l . SD 4. SG ZH % 5% i L rp 4 g i % i Bk 2
T (P <0.05), #5050 20 46 A8 D00 R & 2 i 3%
T (P<0.05), SZ AIAN AR I IR & & B 3% 7+ i
(P<<0.05), HAXE 4 A AR I IR & 2 R AN
BE (P>0.05); FRAHER & &S {HZE R AR
% (P>0.05),
224 HELLTRERGTEIEA T IR A E PR
W 7 T8, SD 41 SZ 20 %5 35 Jig UL v JULH: R
HHEDERT CON4 .. KSS A SG 4 (P<0.05);
T 50 S 5 UL b WU R Y R B S T KSS 4l
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Table 5 Effect of P. quinquefolium extract on fatty acids in quail breast meat (AL g'hgfl)
AR Fatty acid CON KSS SD Sz SG
PR 55 R Myristic acid — — — —
KEEER Palmitic acid 17.41+1.08a 18.29+0.66a 18.27+2.08a 19.39+2.08a 19.73+1.48a
TR Stearic acid 7.53£0.19b 14.574+0.26a 11.114£0.37a 13.31+0.44a 14.54+0.21a
KB R palmitoleic acid * 5.2040.08a 2.9540.06b 4.08+0.98a 4.47+0.88a 3.16£0.79ab
M Oleic acid * 27.74%1.052 23.05%+1.11b 26.69+1.89a 26.96+ 1.39a 25.88+1.28a
TR Linoleic acid ** 35.54+2.28a 32.8642.66a 33.49+1.81a 33.19£2.16a 34.41+1.03a
T Linolenic acid ** 1.96+£0.08 — — —
1e4: VU471 Arachidonic acid ** 2.6540.12¢ 7.1940.61b 6.09+0.13b 6.74£0.64b 9.23+0.37a
ARG TR Unsaturated fatty acids 73.09+£4.07a 66.05+3.98b 72.40%3.67a 69.36+5.44ab 69.68+4.81ab
CNEAMFEITER, ** NE AR RN, —NERH. Lo,
* indicates monounsaturated fat acids; ** indicates unsaturated fat acids; - means not detected. Same for Table 6.
F6 TIFESEMREIYIIEEFERRAN AR AFER & 2 M2
Table 6 Effect of P. quinquefolium extract on fatty acids in quail leg meat (Hfir: ghg D
NG R Fatty acid CON KSS SD SZ SG
A £ R Myristic acid — — 0.3440.03a —
KRR Palmitic acid 16.9540.23b 19.814+0.37ab 20.76+0.36a 18.924+0.06ab 17.58 +0.44ab
i flgF2 Stearic acid 8.6110. 15¢ 13.3240.51b 19.84+0.45a 9.09+0.21bc 15.62+0.32ab
FEREMHER Palmitoleic acid * 2.8940.14a 3.7540.01a 2.2440.02a 3.9240.03a 2.5340.11a
MR Oleic acid * 28.97+0.87a 2484+ 1.61b 26.67+0.17ab 28.02+0.06a 2345+ 1.21b
TJHER Linoleic acid ** 35.08+0.27a 30.28+0.65b 31.24%0. 16b 35.02+0.38a 3225+ 1.05ab
VKR Linolenic acid ** 1.814£0.04 — 1.7240.09 —
164 VU471 Arachidonic acid ** 4.11£0.22b 8.00%0.10a 9.27+0.12a 8.99+1.02a 8.59+0.37a
AHIFNGTER Unsaturated fatty acids 72.86+4.37b 66.87+3.77b 69.42+3.32b 77.67+2.24a 66.82+5.91b

R7 BEFSEMMEIINEIBAT TR S SN
Table 7 Effect of P. quinquefolium extract on inosinic content
in quail meat

JILE 1 Inosinic acid/ (mg-kg ™)

i

Group i L HEAL
Pectoral muscle Leg muscle

CON 1704.62+7.90b 1381.65+4.77a
KSS 1707.59+ 8.85b 971.85+4.47b

SD 1962.23+ 8.28a 1285.06+3.26a

Sz 2001.24+4.42a 1389.54+2.41a

SG 1734. 12+ 11.38b 1349.02+6.73a

(P<0.05), 5 CON 4L, ZHARE (P>0.05),

LR R WIVETES 250 T] e e 9 S UL Y B 0k, HLACR
FHER.

225 HELZFTRBRBSHEBAF ALK LS
# ¥R

e 8 firn, 5 CON @AMtL, SZ 483 i L+
K = R A 2R & 1 W E THE (P<<0.05), SG 4
ARG EnEE (P<o.05)o '%KSSZE*HH: i
3 21 0 T 2 FE R R XL R A e E LIt
(P<0.05), Zfﬂﬂ%ﬁ&,u; REM . REAHE
R, HaEmR. TdRMBEARTELRET R
(P<0.05). e 9 fran, IR0 20 %% 5 i L (3%

MR DH AR . KRR . FER . AN
MR, AR AT AR Y i WA S T CON 41/
KSS4 (P<0.05); SDZ I SZHH&HKR . WHE
M. 2&R. KMEaR., WaARS®IFIEERT
CON # F1 KSS #H (P<<0.05); SZ4H K& & W H

HAMRSEIEEEST CONHMKSSH (P<0.05);
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Table 8 Effect of P. quinquefolium extract on amino acids in quail breast meat (AL g'hgfl)
Z MR Amino acids CON KSS SD Sz SG
Y2 Glutamic acid” 3.5240.11ab 2.9140.09b 3.56+0.12ab 3.851+0.13a 3.63+0.25ab
F AW Aspartic acid” 2.2140.13ab 1.86+0.26b 2.2240.25ab 2.43+0.052 2.2640.54ab
H %% Glycine” 1.12+0.11a 1.44+0.21a 1.10+0.31a 1.15+0.19a 0.99+0.06a
& Alanine” 1.414£0.23a 1.18+0.09a 1.39+0.09a 1.4940.13a 1.33£0.09a
Fi% 2 R Tyrosine” 0.78+0.07a 0.60+ 0.04a 0.851+0.17a 0.924+0.05a 0.92+0.21a
VI Phenylalanine*” 1.05+0.21a 0.83+0.05a 1.0940. 11a 1.0410.18a 1.06+ 0.15a
552 Tsoleucine 1.08+0.06a 0.86+0.08a 1.14%0.15a 1.234+0.07a 1.13£0.05a
AR Lysine* 2.1440.21ab 1.78%0.11b 2.15£0.13ab 2.27+0.16a 2.13£0.37ab
4% Valine * 1.131+0.08a 0.83+0.06a 1.18+0.15a 1.241+0.21a 1.16£0.26a
HZ MR Methionine * 0.611+0.06a 0.50+0.08a 0.62+0.11a 0.731+0.09a 0.65+0.04a
A& R Threonine * 0.96+0.06a 0.88+0.08a 1.09£0.04a 1.1740.05a 1.10£0.09a
22 %R Serine 0.87+0.05a 0.68+0.09a 0.98+0.11a 1.041+0.03a 0.97£0.08a
TSE IR Leucine* 2.06£0.15ab 1.68+0.14b 2.11£0.24ab 2.27+0.19a 2.13£0.27ab
HZ B2 Histidine** 0.67£0.11a 0.51+0.04a 0.7010.08a 0.761+0.16a 0.72£0.14a
& Arginine** 1.3540.13b 1.3540.16b 1.5140.14ab 1.61+0.15a 1.4940.09ab
il Proline 0.461+0.02b 1.40£0.06a 0.8140.03ab 0.934+0.05a 0.94+0.07a
S FER Total amino acids 21.4242.05ab 19.29+1.95b 22.50+2.31ab 24.13+3.01a 22.61+3.47ab
W T AR Essential amino acids 9.03+1.01a 7.36£0.96b 9.38+0.76a 9.95+.088a 9.36+1.24a
IR IR Flavor amino acids 10.0940.65a 8.8240.78b 10.21£0.21a 10.88+0.84a 10.10+0.93a
U TRARER: NP DREASER: #RREIEER . KM
* indicates essential amino acid; ** indicates semi-essential amino acid; ¥ indicates flavor amino acids. Same for Table 9.
®9 EFSEMERYNEBERNTEER S ENFMW
Table 9 Effect of P. quinquefolium extract on amino acids in quail leg meat CHfir: ghg D
S F M Amino acids CON KSS SD Sz SG
7% ¥ Glutamic acid” 2.00+0.23b 1.8410.26b 3.51+0.31a 3.85+0.13a 3.34+0.21a
KAZ R Aspartic acid’® 1.284+0.24b 1.11+£0.27b 2.02+0.25ab 2.20%+0.16a 1.9440.33ab
HER Glycine‘d 0.64+0.05b 0.58+0.11b 1.17+0.23a 1.0340.09a 0.8110.02ab
9% Alanine’ 0.75+0.11b 0.66+0.12b 1.2240.08a 1.23+0.13a 1.08%+0.11ab
T 2R Tyrosine# 0.531+0.02ab 0.47+ 0.03b 0.8910.05a 0.8710.06a 0.7710.05ab
RNATR Phenylalanine*# 0.70+0.07b 0.5940.05b 0.95+0.06a 1.03%0.11a 0.944 0.05a
SRR Isoleucine 0.7240.04ab 0.5540.05b 1.00+0.02a 1.11£0.07a 0.95+0.04a
i B Lysine* 1.361+0.24b 1.0340.18b 1.871+0.12a 2.194+0.29a 1.924+0.31a
AR Valine * 0.71£0.12ab 0.56%+0.13b 0.9740.35a 1.07+0.27a 0.98+0.18a
%% Methionine * 0.361+0.04ab 0.28+0.03b 0.58+0.07ab 0.641+0.05a 0.5940.03ab
AR Threonine * 0.69+0.06ab 0.531+0.04b 0.97%0.08a 1.05+0.04a 0.96+0.06a
22 %1% Serine 0.56+0.02b 0.4940.03b 0.9410.03a 0.981+0.06a 0.8710.05ab
AR Leucine* 1.30+0.12b 1.03+0.14b 1.871+0.09a 2.08+0.15a 1.8540.07a
% Histidine** 0.34+0.02ab 0.2740.02b 0.5040.03ab 0.5940.02a 0.53+0.04a
2L Arginine** 1.0240.07bc 0.6910.05¢ 1.461+0.04a 1.5240.07a 1.26+0.11ab
ffi% 8 Proline 0.31£0.03b 0.30+0.02b 0.86+0.04a 0.78+0.03a 0.5340.02ab
ZHEFR Total amino acids 13.27+1.23b 10.98+1.77b 20.78+1.54a 22.22+1.63a 19.32+1.86a
W5 75 A LR Essential amino acids 5.8410.42b 4.57£0.51b 8.21+0.57a 9.17+0.85a 8.1940.83a
AR EHERR Flavor amino acids 5.90£0.95b 5.25+0.83b 9.76+1.03a 10.2140.892 8.8840.77a
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A: CON#H; B: KSS#: C: SD4; D: SZ4: E: SGH.
A: CON group; B: KSS group; C: SD group; D: SZ group; E: SG group.
B 1 FiFSEMERY ISR AR E R EMBIRAE (X100 £5)
Fig. 1 Effect of P. quinquefolium extract on liver of quail (100 X)

100 pm”

A: CON#4; B: KSS4H; C: SD4; D: SZ4H; E: SGH.
A: CON group; B: KSS group; C: SD group; D: SZ group; E: SG group.
B2 FEEFESEMIRIRYIXEIE B IAE R LRSI (X100 £5)
Fig. 2 Effect of P. quinquefolium extract on renal tissue of quail (100 X)
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significant difference at p>0.05.
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Fig.3 Effect of P. quinquefolium extract on GH expression in
quails
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