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Abstract

The objective of this study was to establish ideal amino acid pattern (IAAP) of
dietary protein for current commercial broiler by using a unique methodology for
investigating digestible requirements for individual essential amino acids and to
determine a proper proportion between essential and non-essential amino acids.

In this study, three-day-old male broilers were used as an experimental animal model.
The test lasted for 7 days and ended at 10 days of age. The study was divided into four
trials. First trial was to feed the chickens with a practical diet, based on corn and soybean
meal, meeting the recommended nutritional requirements in the Arbor Acres broiler
feeding management manual. According to the daily body weight, feed intake and the
metabolizable energy concentration in the diet, the mean of metabolizable energy
requirement (k value) for daily maintenance plus growth based on metabolic body weight
was calculated as 381.10+23.83 kcal for 3 to 10 day old broiler. In the second trial, the
percentages of all essential amino acids in five diets were designed as 50, 75, 100, 125 or
150% referring to the broiler requirements suggested by the Arbor Acres Broiler Nutrition
Supplement (2014) and NRC (1994). According to the individual metabolic body weight
of individual broilers, the k& value obtaining in trial 1 and the metabolizable energy
concentration of the corresponding diet, daily feed intake was computed for intubation.
In the end of the experiment, the nitrogen retention rate was calculated by comparative
slaughtering. To result in the best nitrogen retention rate for broiler from Day 3-10, the
results were computed by a quadratic regression model to acquire an optimum percentage
of requirements, 109.75%, recommended by the afore-mentioned literature for all
essential amino acids. In the third trial, the results of the trial 2 was served as the diet for
the control group. Individual essential amino acids were assigned to be the only limiting

amino acid in corresponding deficiency groups, and the deficiency level was 50 or 60%

\
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of the control group, respectively. The intubation was also conducted in this trial as well.
The x coordinate of an intersection for each straight line, resulting from every two
deficient groups with the same limiting amino acid but at different levels, with a
horizontal line from the response of the control group represented the daily requirement
for the corresponding essential amino acid based on metabolic body weight for growth
plus maintenance. The x-intercept and the reciprocal of slope for each straight line stood
for the respective requirement for maintenance and growth, respectively, corresponding
to the examined amino acid. The each amino acid requirements obtained for growth,
maintenance, and growth plus maintenance were divided by the value of lysine to obtain
the ideal essential amino acid pattern (IEAAP) for growth plus maintenance from 3 to 10
days of age was Lys: Arg: SAA: His: Trp: Leu: AAA: Ile: Thr: Val =100: 108: 74: 32: 13:
123:123: 63: 70: 81, respectively, for growth was 100: 113: 77: 33: 13 : 125: 123: 66: 74:
83, respectively, and for maintenance was 100: 21: 5: 13: 15: 58: 125: 3: 11: 41,
respectively. The requirements for respective growth and maintenance, the body protein
accumulation rate and metabolic body weight of different growth stages were used to
estimate dynamically the IEAAP at each growth stage. The IEAAP was computed as 100:
111:75: 32:13: 123: 123: 64: 72: 81 for 0 to 10 days of age, as 100: 111: 75: 32: 13: 123:
123: 64: 72: 81 for 10 to 21 days of age, and as 100: 109: 74: 32: 13: 122: 123: 63: 71: 81
for 21 to 35 days of age. In the fourth trial, the ratio of overall essential amino acids
relative to total amino acids (E: T) was designed as 0.62, 0.48, 0.39, 0.32 or 0.28 by
changing dietary non-essential amino acid levels and fixing individual essential amino
acid requirement levels for growth plus maintenance from the trial 3. The feeding way
was also conducted by intubation. The results showed that the nitrogen retention rate
increased linearly (P < 0.01) while the nitrogen utilization decreased linearly (P < 0.01)
with the increase of E: T in the diets. The plateau turning points of these criteria were

0.37 and 0.44, respectively.
VI
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The TAAP established in this study will be utilized as a criterion for checking the
amino acid composition of practical diets and improving the balance of amino acids in

the diet resulting in better growth performance for broiler.

Keywords: Broiler, Ideal amino acid pattern, Nitrogen retention rate, Essential amino

acids, Non-essential amino acids
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Figure 1. The comparison of individual amino acid requirements and correspondingly

dietary contents for 0 to 10 days old broilers

! The abbreviation of sulfur amino acids > The abbreviation of aromatic amino acids

(The figure cited from table 5 and Arbor Acres Broiler Nutrition Supplement (2014))
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Figure 2. Daily net Lys (left) or sulfur amino acid (right) requirement for broilers from 7
to 63 days old, expressed as total, body protein deposition, feather growth and

maintenance
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% 1 ~NRC (1994) @ il pe B d 242 }J%
Tablel. The ideal amino acid pattern and its reference (NRC, 1994)

Amino acids” Percentage of diet  Relative to Lysine  Reference

Lysine 1.10 100 Edwards et al., 1956; Boomgaardt
and Baker, 1973a,b; Woodham
and Deans, 1975; McNaughton et
al., 1978; Burton and Waldroup,
1979

Arginine 1.25 114 -

Sulfur amino acids 0.90 82 Nelson et al., 1960; Hewitt and
Lewis, 1972; Boomgaardt and
Baker, 1973b,c; Woodham and
Deans, 1975; Attia and Latshaw,
1979; Robbins and Baker,
1980a,b; Wheeler and Latshaw,
1981; Baker et al., 1983; Mitchell
and Robbins, 1983; Thomas et al.,
1985

Histidine 0.35 32 Klain et al., 1960b; Dean and
Scott, 1965; Baker et al., 1979

Tryptophan 0.20 18 Wilkening et al., 1947; Griminger
et al., 1956; Klain et al., 1960b;
Boomgaardt and Baker, 1971;
Hewitt and Lewis, 1972;
‘Woodham and Deans, 1975;
Steinhart and Kirchgessner, 1984;
Smith and Waldroup, 1988a

Leucine 1.20 109 Almquist, 1947; D'Mello, 1974;

Valine 0.90 82 Woodham and Deans, 1975;

Isoleucine 0.80 73 Thomas et al., 1988

Threonine 0.80 73 Uzu, 1986; Robbins, 1987;
Thomas et al., 1987; Bertram et
al., 1988; Smith and Waldroup,
1988b; Austic and Rangel-Lugo,
1989

Aromatic amino acids 1.34 122 Almquist, 1947; Woodham and

Deans, 1975

*This data for 0 to 3 weeks old broiler
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Response Toxicity

Minimum requirement by broken-line methodology
O = — Plateau line

Output

: 7

Input
(Morris, 1999; Fisher et al., 1973)
Bl 3 - "eARBEFESS L L2 MG

Figure 3. The relationship of between amino acid intake and growth performance
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Figure 4. The determination of the minimum or maximum requirement by a broken-line

or quadratic model
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ez FRE T EREIERABRATREZ Tt bl 2@ & Morris (2004 )
B CRE PR SR S A 45N N e R - K E S P s S Y g
Bt ZREFRYFHEITER o & Chungand Baker (1992) enf % @ » fafui Lw
3k 0 4 . Wangand Fuller (1989) 122 £ 7% 3 3k do 4 9708 2 2 v At o
2o X APFHA 10kg TR LREEAEEFRSPDL 0 AR SN AR od
Bt GlAg 2 i Flptud E4cadre SRl i & Rord 2 @ ke
TR EERT L BREE o

NRC (1998) # 175 L pe § & £ omifdf > et B W47 31 2 £ 24085 § &
EAMAE KR gAMLY AT FTHMRY LG E LR YR
NHFAFE2ZZERE (£ 2) PRBADET A BRI N aEN L K g
Boiiped > B4 2 TRENPRRgraFEA Y B2 2R EF A HP 5 R
BrRld R AL T R E 0 LR AR AR EOT R E Y 100 £
oo wEBRT I RAMIE RS ERARMES (£ 3)e 3R 2R
A E AR T AT NEK B RF A Y L2 B ERApead Lokl
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F 2~ AREE A Epgpepot et K2 28 F (NRC, 1998)
Table 2. The lysine requirement of maintenance or growth for growing pig at different
weights (NRC, 1998 )

Body weight  Body protein accretion ( g/d ) Digestible Lysine requirement (g/d)
(kg) Maintenance! Growth? Total
35 121.15 0.52 14.78 15.30
65 133.69 0.82 16.31 17.13
100 120.06 1.13 14.64 15.77

"Maintenance lysine requirement is 0.036 g/kg of metabolic body weight

2Lysine required per unit of protein accretion is 0.12 g of true digestible lysine/g of protein accretion
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Z 3vmd LR N 35kg 4 £ @it e 2 (NRC, 1998)

Table 3. Establishing an ideal amino acid pattern for 35 kg growing pig by the model of

individual requirement combining maintenance and growth (NRC, 1998 )

Digestible requirement (g/d), (relative Lys=100)

Maintenance' Growth? Total
Lysine 0.52 (100) 14.78 (100) 15.3 (100)
Arginine -1.04 (-200) 7.09 (48) 6.05 (40)
Histidine 0.17 (32) 4.74 (32) 4.91 (32)
Isoleucine 0.39 (75) 7.98 (54) 8.37 (55)
Leucine 0.36 (70) 15.08 (102) 15.44 (101)
Sulfur amino acids 0.64 (123) 8.13 (55) 8.77 (57)
Aromatic amino acids 0.63 (121) 13.75 (93) 14.37 (94)
Threonine 0.79 (151) 8.87 (60) 9.66 (63)
Tryptophan 0.14 (26) 2.66 (18) 2.80 (18)
Valine 0.35 (67) 10.05 (68) 10.4 (68)

! Maintenance ratios were calculated based on the data of Baker et al. (1966a,b), Baker and Allee (1970),

and Fuller et al. (1989). The negative value for arginine reflects arginine synthesis in excess of the needs

for maintenance

2 Growth ratios were derived by starting with ratios from Fuller et al. (1989) and then adjusting to values

that produced blends for maintenance accretion that were more consistent with recent empirically

determined values (Baker and Chung, 1992; Baker et al., 1993; Hahn and Baker, 1995; Baker, 1997)

16

doi:10.6342/NTU202002256



T~ B F R p e AL FORAR
kB A ey ek H A A

R

¥ eraid

(\.

Z

R
LN

I S I DR §

AR L BEE B MEE LS ALY B AT R 2 5% R

2
g

7 OARARAL U FRARRL ~ FT T OVREL ~ F MRfL - v SRR - B o0 ML - BOREE - BORER
8RR O e et fAri e b HOIRERETRG B[ B A 5 0 T A&
FERE TR TE S MEE A E R R e MR AN FORARM  AIRARKT
ZEpBA T ¢ 4 4R % 3t% (Southern and Baker, 1983; Griffin et al., 1994; Cuca
and Jensen, 1990 ) o Bk ¥efis & feiefl o W T d T EORHE F AR S & 0 T A
BEPFY Y R T AR ek ki R R E (G FARARE R E)

BFRORBRORH AT R E (T AR RARTE R ) H ARl

‘1,1H<

TR BT D BHRD A S L AT hF R4 K p o ok

Poenviegh ik o Bt "f AR T LR BT % FRAR S TR i A
FarliEd g L A H 2w ZRAM o R B RARE X L 4§ FENE
BRA %’ Hiéféﬁéiﬁ&ﬁwt &) Bd % > 120 /J}’ f;_f% VA ’%’ ":‘%ﬁ’;%’? g,gg;t,& ‘rqﬁ? "T&‘Etgﬁﬁlf’?
Ht ) e R EBIR v FAPRA > 2w FRAM I £ 0 4 ¢ B R RAR
GARP PPIY i FR G FTL 6 S LI T F RS 2 AR e

fale o o Jpk-2be T el R - B~ fF 3T o

(- ) B Freipa FUte T RARFVOIM k2 227
WAL IF L RS L FRARAE L Bhd S Ny RS
o ¢ 7R TRl ol pé (Tkemoto etal., 1989 ) ~ FE A8 2 7 =il flt
$2be 7 vl (Wangand Fuller, 1989) ~ 482 Fixflpi vt A F 039 F 2 £

(' Young and Zamora, 1968; Bedford and Summers, 1985) % % if & 3% o AdF 3«

2ZE E

~

&
m

F_

AR R N A E R A R ek I ERH RS F L T2
IR IR SR O - & ) EAE RV G E eI S R R S8 TRCR I N

PHFgFoRaE A I RARSOE FEALAR AT X EF 2T AP A RR

doi:10.6342/NTU202002256



54 245g hf o TIE O TEEE TS 108 hF o Gk EF PR T 0 R
Y F U b FORAR G T KRR ERACTRARTEE(NER
BB TR F AR AR A F R s e b it § B
REB LT o M F R RS A § R AL R
2 ZEINARIAPR T T APl L F Ao R R TR A B A R
é?*%@ﬁﬁiﬁ“W%%ﬂﬂ’gﬁ;iﬁﬂ’ﬂéaﬁw@ﬁﬂﬁ}é%%

SAARA R F o Gl RA B o § A ARB  ARB RS

BRG] IAT A E b Zopt o HARIL G S8 Fu FE S g o
gL TIRAME LT t EAMNE > FU R 7 R R B L oD

XA Y S LR RN LR SRS S R

(=) FHLFRARapRiBR sl e mg

PR el Gl VM G 2 e B - BLAAR
BORAR G B OFIRT o LR e AR F R S R A2 0 DS R
9§24 (Fullerand Wang, 1989) 5 ¥ - = j2 Bl L F LML § =iy £ » 32 ¥
Y 2 BORA R R KIFH T B A £ R B 8 (Hegeretal, 1998 ) o

R ERES U R I P TR R RN N i POV SES . T

3

B R 0 L FORARL a4 AR R B TR 2 SORAE R o dok F
BRAR R RE € R RIS he FRAR @ MOt e n]idk L AR R
G F 2 EE AR R R R F RO Dl ik LA R T A
WrER s EER G HFF B AR H R R Bk o F AL F Rk
2 FREC 0 RS FRARM B2 2 MFH SRR Y
BRs L g DR TR E R R R L G RARZ B R ST
B greiiftle R 2 g A#HE

G F RS 5 AU DRAR  JE ) A § AR (2 B S L

A §ORARL § R 1T S R

Cﬁ*—

E)

A

) B REH A2 B2 B hF A FRhE s B 2
18

doi:10.6342/NTU202002256



e Am M TR, PR SNSRI NHTRF z R EE

TR

e
I N e ) MR II?% P B e TR 7 £ 02 2 (Dove et al., 1977,

Roth et al., 1999; Heger et al., 1998 ) -

19
doi:10.6342/NTU202002256



S E R IR R A ch TR
Wikl - 8 NS E R G0 FRORARY A G § A Bk
BYAMAFTALREY ARE G 0 RGN A 1990 E (S A G LAy g
Fooild che pr WL MR IRARE S gl B H LR DR A LSS5
MRS B BN ERREF ] ERPERTT L - o T

TR PR A e S TR R AR

(-) g2

BT ANEFRAL R RE LB FRARBES > AT A 4ot 1T &
e EORARE A T UEREVRAR G AR AL B RS T IRAR S
(NRC, 1994; Hurwitz et al., 1978) ¥ » & 384 gl oot (@ 48 F 5000 7 v v ji ik

FEE LR AT AR S A FHORAME R B LA E £ TR R

-

g2 Az

‘},B*éﬁ/j‘ Kz =N ]—,"3 /ﬂ it :(ﬁj //fg'}’#n /)‘14}; ﬁ,ﬂ/ﬂ' it p}\"l,{l;’fj%rsféa\é;’g_ig'i ’ %I’/(/PJ
ARZEZEFHEEF BT L e o472 RIF2LEE L F i ik e = (Kreuzer

etal,1988)  Fli N4 g1 NS S BRAIPIRAM AT EL TR E AP

«_L.
.
3
o
=
d
N
(=
=5
<
o

& Hurwitz et al. (1978) #Z% ¥ £ 45 Fli2 & 7453
EORY FERES AFRARL GF TR E  BAS ERTRIFL MG &
Blpw »torg EdL R It G 2 T FH G FER S hRRkY ot RE L woegs

B MR v ey o 3R E TG @k AT RE R BT R E M 01

Q
—
(@]
(@]

()<}
@)
w
=t
}F

k4 7 3 (Leveille and Fisher, 1959 ) 17 32> 3pd5 34 e vefib 2. 45 2
B oM En 2L EIRfz Bk MANAFDT § T 0t R BRik
g o Fm 3 2 7 an o & Sklan and Noy (2005) = Weietal. (2009) 2 2 &
PRLEFFeCHRAFTEENLEE 2R TR FRASH O RRE2Z AR SE

LRSS R SEE S A A T AR R A

doi:10.6342/NTU202002256



Wei et al. (2009) £ Baker and Han (1994) 38A_ 2 K g2 ¢35 §F &4
Feo ARG T ORRIRRL L A RIRA L o B AR R 2 L E A AT F
Pz vhs Bookpi{eRpi hie N B AR e A2 Bl B o H PR Gk

“~

AR 1T2% o 222%0 T A FIE fd R R ¢ hoRgh pdc g i AR R i

-;
F_‘-

FOFAFEY AR L AR UPPRAR S R AR M B REHTEE

-

H - ganefl ik £ pE LI G G ASRR AT Y o WRH B L g R ook e g
KU G BRRRE S B T RRAER R B R TR e e v in
SR ER G A o WA R L GRSk D $ T AR 2 0

IR FR

21
doi:10.6342/NTU202002256



F 4~ A

S R 2 p I 8 R e e

Table 4. Ideal amino acids pattern for broiler chicks established by different methodologies

Roth et al. (2001) NRC (1994) Kreuzer et al. (1988) Baker and Han (1994) Wei et al. (2009) Hurwitz et al. (1978)" Baker et al. (2002)
Methods Amino acids deletion Reference Whole body Comparative selection Dose response Factorial approach Dose response with
summarization composition (improved version) broken-line model
Basis of expression Digestible Total - Digestible Digestible Total Digestible
Sexual Male Mixed Mixed Male Male Mixed Male
Breed Commercial broiler Commercial broiler Commercial broiler New Hampshire male ~ Taiwan country chick Commercial broiler New Hampshire male
strain (Ross) strain strain (Ross) x Columbian female strain x Columbian female
Age (day) 8 to 28 0to21 21to 35 81022 14 to 28 7 to21 8t0 20 CV (%)
Lysine 100 100 100 100 100 100 100 0
Arginine 108 114 88 105 105 115 106 8.4
Histidine 38 32 37 32 34 26 - 13.0
Isoleucine 63 73 42 67 69 75 61 17.2
Leucine 108 109 93 109 103 119 - 8.0
Sulfur amino acids 70 82 53 72 81 74 - 14.6
Aromatic amino acids 121 122 94 105 135 105 - 13.1
Threonine 66 73 52 67 65 70 56 11.7
Tryptophan 14 18 15 16 18 14 17 10.8
Valine 81 82 50 77 79 111 78 222

*The average value of one to two weeks and two to three weeks
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= pa g (kg/day) x &P ¥ SFta kR (kcal/kg) = k x# & A E (k")

3. & AR

Rl ek » Bde 30 FRER » A4S ~ 2 o

z) R L¥
B Lty P E popltE 2 k @351 5 01 SAS Bt A 47 48 (Statistical
Analysis System, Ver 9.4, for Windows 10, 2018, USA ) it = PROC MEANS 3+ & #

T 3o Br 4 5 1 (Standard Deviation, SD) -
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Table 5. The nutrient composition and analyzed values of the practical diet for broiler

Ingredients a/kg
Corn meal 507.35
Soybean meal 365.07
Fish meal 50.00
Soybean oil 37.49
Ca(H2PO4):2 11.19
CaCOs3 11.20
Vitamin premix} 3.00
Mineral premix? 2.00
NaCl 3.00
Choline-Chloride (50%) 1.50
Coccidiosis medicines 0.60
DL-Methionine 4.96
Lysine-HCI 0.42
Threonine 1.37
Arginine 0.85

Calculated
Crude protein (%) 23.00
ME (Mcal/kg) 3.00

Analyzed (%)

Moisture 11.42
Crude protein 23.26

1Vitamins supplemented per kg of diet: vitamin A, 11,000 IU; vitamin D, 5,000 ICU; vitamin E, 75 IU,
vitamin K3, 3.00 mg; thiamin, 3.00 mg; riboflavin, 8.00 g; niacin, 60.00 mg; vitamin B6, 4.00 mg; vitamin
B12, 50.00 pg; folic acid, 2.00 mg; biotin, 0.17 mg; Ca-panthothemate, 15.00 mg

2 Minerals supplemented per kg of diet: CuSO4-5H,0, 5.6 mg; ZnS04-7H,0, 55.0 mg; MnSO,4-H-0, 376.7
mg; Na,SeO3-5H,0, 0.7 mg; FeSO4-7H,0, 606.3 mg
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381.10+23.83 kcal ME/kg®”” -

%0633 10 PRAEE PE DT AL ERagerg L ToRHn 3R
(k&)
Table 6. The mean k of metabolizable energy for daily maintenance plus growth based on

metabolic body weight in day 3-10

Age 3-10 day old Broiler”
n=30
Initial body weight (g) 65.93+5.67
Final body weight (g) 256.57+23.86
Intake (g /day) 27.51+£3.01
k (kcal ME/kg"">/day) 381.10+£23.83

* Calculated from the average data of each chick for seven days

30

doi:10.6342/NTU202002256



Z ~

.\

13
FAGLTH S RFRT D 14 p LHREE 60 LRhpeipr o § TS
BROPE ERAY RS LEDIFRT I 33E p R g 72 P 10g k83 £ (Klain
etal., 1960aand 1960b ) > #* B g M3t AFEH MU L - <~ BT * OHE S 2 183

£l P ER R R (R i RIS g o e AT 2

&

mFAIRS SR EIRAMZ CrR Y A X BT Ao IR F P IR ey R
FOEACORRAIA R R E RS BIRARE S 2 o ook R L AR
TR AL RT KL RBREEY S S AEERLY Ui a o w
BAE 2 R AREHRF2 kERGFFE o

#- Arbor Acres Broiler Performance Objectives (2014) 4% ¢ L+ ¢ 3 3 10
P#E pRE F PSR AR N ER B BT ARRARE S E 2

Py T REH kE G

% 420.96 kcal ME/kg"7/ day » p* & % & R P
ZkiE R EpHRIvEpE ST AL RSEP T L 1328 g0 pF L
Lok

dERFIELE AT Bk w kY SR E R IR S R AR

u

BV B E AR NG M AR § T REL L R 2 2

$ 2 AE PR R TR F IS Rl kB0 B AR

CEERE O F] L U A FIELE kY SHEY B E A A H R R FA R
o3 ERFESEREF - A7 2 Weietal (2009) 7 4 £ i F il ahiz 33 + 3zt

>‘"\

Bz kiE (2722kcal ME/Kkg™S/day) #pt » P EE® I13F 5 0 i Kot A2 £ ¥
Fop- e g%ﬁd% L fenap ks &2 L &adF g 2 ¥ %4 (Hanand Baker,

1991) -

31
doi:10.6342/NTU202002256



B WMERESPEFRIP 2 20 RARREL Y

2 5 hRARAEEE LY LGN

- w3
FPEMREF iz hE 2R ERARES > TRFEREKBHEF B2E%
kIFBERABPTEE  Ra Fli R hauiedF R R I 5 R L U
> 2 IR T e e X > Wei et al. (2009) M AEE F R E R KT
RERp VPR A MEPEF 2 R ARTRAMMN G2 2 8 EHEF

Rt 2 B30 A M2 BT R AL BB G LRAREF R E A AR

TR R i ot eanE R (DFET e ) TR AETELYHE 2
Je* v p RIS 7Rk e A2 R o
AREHRZ T RAE w0 2 E FHTIEIE S B2 B RKT

g }“ﬁ d %% Arbor Acres Broiler Nutrition Supplement (2014) 4% ¢ 32 £ # & NRC

(1994) 2 @ Zieppda & > el FML FIRAM? b F A v 2 AR R &
Moo &0 ik 2B FEAEARE N IV ARARER A REME FH

FEARBGZ FHMLFRARER > RIEBEB R RTRZERE -

32
doi:10.6342/NTU202002256



= HEREE
(=) gHb ot Fr

AEB 3 p#sz et B3 (ArborAcresPlus) 2 (7385 » RSk 28 7 X »
10 PR -3 P T iRy FRITF A ER - LREHE F Lo
o ida -

2 p#uL b 10 BEF 42 e > B WA LiT4 >3 P#es T BREEHRT
Bde o #30 S E T2 L S5 = 2 K3 (Completely randomized

design, CRD) /7 A 21§ BRETHEY > R%keuA 52 S5 E2 6 =

~e.

# 1 & » ~ %] % Arbor Acres Broiler Nutrition Supplement (2014) 4% § = £ p §f 11
NRC (1994) 2. 48 4 3 el fade B £ 750 ~ 75~ 100 ~ 125 & 150% » &4 e 4o
ZTox3tEp S TERLRE M E Ve o L UH 2 NHEE C E%-
FHz Kk EERL A RAMRE S L T AEER R R E P T RE
G2 AR (SN 4eT) o U FE AL NSRS P T8 ]] g T E gk T
BLAow AR E o F AR R ITIARGEL s o

k (kcal/kg®75/day) x #t & 48 # (kg®75)
& ¥ ik & (keal/kg)

He=Fp ks € (kg/day) =

WEHEW 10 p#EL ST oI RE N F b RE RS Y kE 20

C kfa  gFEd 2 Wa » WE > L ek o

(z) mlEeBpe 3

1. % 5H3
MEERIELVAHNE L AH L F PRI IR LA T BfI* P A
2% (Weietal,2009) & 7R 2o % BRI pREZE S 2L 2

By

L 10 &> T E L 69324442 ERIHEFRT A FREFRRLR

&gtk s@lE e e ) RITEM-KL 2y 22 0 £ 00 10 $43E2

33

doi:10.6342/NTU202002256



B OAFFEREIPLBEIREALME T SR RS LG T RE S

>
K
£
e
[N
(w
By
Ra0g
o

F2 10 p &3mk B A S TRTLF 2T R E 2 W

N

iﬁ%’*?@ﬁ%ﬂﬁié&ﬁﬁﬁiiﬁiﬁﬁi’ﬁﬁﬁﬁﬁ%gw%%{
MEPE>TABEEZ M EHREEZT2MEIHRT - BWY kL BT ERZ

RS AR ENE

2. &Y AP T

W R Pk A B2 Bed IR R 0 ER e - o

(z) st
RS Boyg 11 SAS kit 4 47 g 48 (Statistical Analysis System, Ver 9.4, for Windows
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Table 7. The nutrient composition and analyzed value of the different percentages of all

essential amino acid diets for broiler

Treatment (%)' g 75 100 125 150
Ingredients
-------------------------- g/Kg-------=-mmmmmmm e
Cellulose 55.00 70.00 90.00 90.00 90.00
Maize starch 446.42 44223 431.08 450.89 470.74
Glycerol 10.00 10.00 10.00 10.00 10.00
Soybean oil 42.00 43.00 46.00 38.00 30.00
Choline-Chloride (50%) 3.76 3.76 3.76 3.76 3.76
Vitamin premix! 10.00 10.00 10.00 10.00 10.00
Mineral premix? 70.00 70.00 70.00 70.00 70.00
Threonine 4.30 6.45 8.60 10.75 1290
Glutamic acid 313.32 276.74 240.16 203.58 167.00
Valine 4.80 7.20 9.60 12.00 14.40
Methionine 4.75 7.13 950 1188 14.25
Isoleucine 4.30 6.45 8.60 10.75 1290
Leucine 7.05 1058 1410 1763 21.15
Phenylalanine 6.70 10.05 13.40 16.75 20.10
Lysine-HCI 8.00 1200 16.00 20.00 24.00
Histidine 1.75 2.63 3.50 4.38 5.25
Arginine 6.85 10.28 13.70 17.13  20.55
Tryptophan 1.00 1.50 2.00 2.50 3.00
Calculated
Crude protein (%) 23.00 23.00 23.00 23.00 23.00
ME (Mcal/kg) 3.00 3.00 3.00 3.00 3.00
Analyzed (%)
Moisture 9.53 9.47 9.64 9.19 9.76
Crude protein 23.07 2358 2351 2318 23.18

1 The percentage of requirements recommended by Arbor Acres Broiler Nutrition Supplement (2014) for

the all essential amino acids except phenylalanine and histidine and NRC (1994) for histidine and

phenylalanine

2 Vitamins supplemented per kg of diet: vitamin A, 13,000 IU; vitamin D, 5,000 ICU; vitamin E, 80 IU,

vitamin K3, 3.20 mg; thiamin, 3.20 mg; riboflavin, 8.60 g; niacin, 60.00 mg; vitamin B6, 5.40 mg; vitamin

B12, 17.00 pg; folic acid, 2.20 mg; biotin, 0.30 mg; Ca-panthothemate, 17.00 mg
3 Minerals supplemented per kg of diet: CaCO; 20.55 g; Ca(H2PO4)2 8.37 g; NaHCO; 4 g; KHCO; 9 g; NaCl
3.12 g; KC1 0.86 g; KoHPO4 6.78 g; CuSO45H,0 63.5 mg; KI 1.7 mg; MnSO4-H,O 377 mg; Na,SeO; 0.7
mg; ZnSO47H,0 483.9 mg; FeSO47H,0 100.6 mg; MgSO47H,0 10.14 g
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Figure 7. The linear regression of initial nitrogen mass on the metabolic body weight of

broiler at 3 days of age (the second trial)
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Table 8. The effect of alterations in dietary all essential amino acid requirements' on the growth responses and body nitrogen retention rate of

B2 8%
s

broiler
Treatment (%) n Day 3 weight Day 3 Day 10 weight Day 10 Body weight gain  Nitrogen retention
(g) N mass? (g) (2) N mass (g) (g/day) rate (g/kg®7*/day)
50 6 69.47+4.51 1.60+0.07 134.93+5.784 3.58+0.31¢ 9.35+1.18¢ 0.60+0.13¢
75 6 69.47+4.20 1.60+0.07 191.206.84° 5.28+0.39° 17.39+1.08° 0.92+0.13°
100 6 69.03+3.71 1.594+0.06 204.00+9.07* 5.49+0.35° 19.28+1.12% 0.89+0.12°
125 6 69.17+4.32 1.594+0.07 209.30+8.27* 5.85+0.06* 20.02+0.88* 1.01+£0.07°
150 6 69.60+4.13 1.60+0.06 165.73+7.21°¢ 4.45+0.26° 13.73+0.68°¢ 0.75+0.09°
P value
Linear 0.99 1.0 <0.01 <0.01 <0.01 <0.01
Quadratic 0.82 0.82 <0.01 <0.01 <0.01 <0.01

! Originating from Arbor Acres Broiler Nutrition Supplement (2014) and NRC (1994)
2 Those values were estimated form figure 7 in this item

< Different superscripts means that significant differences exist between treatments in the same column (P < 0.05)
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Figure 8. The quadratic regression of nitrogen retention rate on different percentage of

total dietary essential amino acid requirement
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Table 9. The nutrient composition and analyzed value of essential- amino- acid deficient diets

for broiler
Treatment Control* Lysine Arginine Sulfur amino acids
Ingredients Level 12 Level 2 Level 1 Level 2 Level 1 Level 2
g/kg
Cellulose 90.00 85.00 85.00 89.00 89.00 88.00 88.00
Maize starch 438.70 438.34 439.41 426.21 428.91 440.76 440.75
Glycerol 10.00 10.00 10.00 10.00 10.00 10.00 10.00
Soybean oil 43.00 43.00 43.00 43.00 43.00 43.00 43.00
Choline-Chloride (50%) 3.76 3.76 3.76 3.76 3.76 3.76 3.76
Vitamin premix® 10.00 10.00 10.00 10.00 10.00 10.00 10.00
Mineral premix* 70.00 70.00 70.00 70.00 70.00 70.00 70.00
Threonine 9.44 9.44 9.44 9.44 9.44 9.44 9.44
Glutamic acid 225.89 240.03 237.20 246.90 242.70 231.04 230.01
Valine 10.54 10.54 10.54 10.54 10.54 10.54 10.54
Methionine 10.43 10.43 10.43 10.43 10.43 521 6.26
Isoleucine 9.44 9.44 9.44 9.44 9.44 9.44 9.44
Leucine 15.47 15.47 15.47 15.47 15.47 15.47 15.47
Phenylalanine 14.71 14.71 14.71 14.71 14.71 14.71 14.71
Lysine HCI 17.56 8.78 10.53 17.56 17.56 17.56 17.56
Histidine 3.84 3.84 3.84 3.84 3.84 3.84 3.84
Arginine 15.04 15.04 15.04 7.52 9.02 15.04 15.04
Tryptophan 2.20 2.20 2.20 2.20 2.20 2.20 2.20
Calculated
Crude protein (%) 23.00 23.00 23.00 23.00 23.00 23.00 23.00
ME (Mcal/kg) 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Analyzed (%)
Moisture 9.86 9.27 9.44 9.30 10.07 9.81 9.23
Crude protein 23.28 22.47 22.21 23.44 23.75 22.64 22.98

! The 109.75% of requirement recommended by Arbor Acres Broiler Nutrition Supplement (2014 ) and NRC
(1994) for all the essential amino acids for broilers

2Level 1 and level 2 were the 50 and 60% of the control treatment for limiting amino acid deficiency respectively
8 The same as that of the table 7

4 Methionine and cystine
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Table 9. The nutrient composition and analyzed value of essential- amino- acid deficient diets

for broiler (continuous)

Treatment Histidine Tryptophan Leucine Aromatic amino acids®
Ingredients Level 1! Level 2 Level 1 Level 2 Level 1 Level 2 Level 1 Level 2
a/kg
Cellulose 90.00 90.00 90.00 90.00 84.00 84.00 83.00 83.00
Maize starch 435.15 435.86 438.21 438.31 443.76 443.95 446.50 446.34
Glycerol 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00
Soybean oil 43.00 43.00 43.00 43.00 43.00 43.00 43.00 43.00
Choline-Chloride (50%) 3.76 3.76 3.76 3.76 3.76 3.76 3.76 3.76
Vitamin premix? 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00
Mineral premix? 70.00 70.00 70.00 70.00 70.00 70.00 70.00 70.00
Threonine 9.44 9.44 9.44 9.44 9.44 9.44 9.44 9.44
Glutamic acid 231.36 230.27 227.48 227.16 234.57 232.83 232.44 231.13
Valine 10.54 10.54 10.54 10.54 10.54 10.54 10.54 10.54
Methionine 10.43 10.43 10.43 10.43 10.43 10.43 10.43 10.43
Isoleucine 9.44 9.44 9.44 9.44 9.44 9.44 9.44 9.44
Leucine 15.47 15.47 15.47 15.47 7.74 9.28 15.47 15.47
Phenylalanine 14.71 14.71 14.71 14.71 14.71 14.71 7.35 8.82
Lysine HCI 17.56 17.56 17.56 17.56 17.56 17.56 17.56 17.56
Histidine 1.92 2.30 3.84 3.84 3.84 3.84 3.84 3.84
Arginine 15.04 15.04 15.04 15.04 15.04 15.04 15.04 15.04
Tryptophan 2.20 2.20 1.10 1.32 2.20 2.20 2.20 2.20
Calculated
Crude protein (%) 23.00 23.00 23.00 23.00 23.00 23.00 23.00 23.00
ME (Mcal/kg) 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Analyzed (%)
Moisture 9.42 9.81 9.66 9.32 9.47 9.98 9.37 9.32
Crude protein 23.44 23.36 23.68 22.97 23.61 23.74 22.92 22.87

! Level 1 and level 2 were the 50 and 60% of the control treatment for limiting amino acid deficiency respectively

2The same as that of the table 7

3 Phenylalanine and tyrosine
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Table 9. The nutrient composition and analyzed value of essential- amino- acid deficient

diets for broiler (continuous)

TN D

Treatment Isoleucine Threonine Valine
Ingredients Level 11 Level 2 Level 1 Level 2 Level 1 Level 2
g/kg
Cellulose 87.00 87.00 90.00 90.00 87.00 87.00
Maize starch 441.12 441.24 437.59 437.81 440.35 440.62
Glycerol 10.00 10.00 10.00 10.00 10.00 10.00
Soybean oil 43.00 43.00 43.00 43.00 43.00 43.00
Choline-Chloride (50%) 3.76 3.76 3.76 3.76 3.76 3.76
Vitamin premix? 10.00 10.00 10.00 10.00 10.00 10.00
Mineral premix? 70.00 70.00 70.00 70.00 70.00 70.00
Threonine 9.44 9.44 4.72 5.66 9.44 9.44
Glutamic acid 231.19 230.13 231.72 230.56 23251 231.19
Valine 10.54 10.54 10.54 10.54 5.27 6.32
Methionine 10.43 10.43 10.43 10.43 10.43 10.43
Isoleucine 4.72 5.66 9.44 9.44 9.44 9.44
Leucine 15.47 15.47 15.47 15.47 15.47 15.47
Phenylalanine 14.71 14.71 14.71 14.71 14.71 14.71
Lysine HCI 17.56 17.56 17.56 17.56 17.56 17.56
Histidine 3.84 3.84 3.84 3.84 3.84 3.84
Arginine 15.04 15.04 15.04 15.04 15.04 15.04
Tryptophan 2.20 2.20 2.20 2.20 2.20 2.20
Calculated
Crude protein (%) 23.00 23.00 23.00 23.00 23.00 23.00
ME (Mcal/kg) 3.00 3.00 3.00 3.00 3.00 3.00
Analyzed (%)
Moisture 9.38 10.07 9.66 9.21 9.41 9.23
Crude protein 22.65 23.02 23.87 23.66 22.84 22.89

! Level 1 and level 2 were the 50 and 60% of the control treatment for limiting amino acid deficiency

respectively

2The same as that of the table 7
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Table 10. The effects of individual limiting amino acids at the 50 or 60% deficient level on

growth performance of broiler

Limiting amino

Limiting acid intake Day 3 weight (g)* Day 10 weight (g) Body weight gain (g/day)
amino acid (g/kg®7*/day) n=6 n=6 n=6
n=6

Level 1> Level 2 Level 1 Level 2 Level 1 Level 2 Level 1 Level 2
Lysine 0.89 1.07  73.53£3.62 73.43+3.48 151.10£7.19"™  170.18+7.52"  11.08+0.63""  13.82+0.72"
Arginine 0.96 1.15  73.57£3.70 73.10+4.36  151.93+6.54™  169.68+6.46"  11.20+0.63"  13.80+0.59"
Sulfur amino
il 0.66 0.79  73.67+3.36 73.82+3.35 158.13+6.37"  176.32+£5.97" 12.07+1.03"  14.64+0.45"
Histidine 0.24 0.29  73.43+4.69 73.62+5.15 149.52+6.69"  169.12+6.12"  10.87+0.78"  13.65+1.11"
Tryptophan 0.14 0.17  73.50+3.88 73.43+4.37 165.98+5.84™  192.47+5.91" 13.21£0.95" 17.00+0.86"
Leucine 0.98 1.18  73.73£4.09 73.50+4.51 138.40+4.35™  152.82+7.99"  9.24+0.74™  11.33+0.65"
Aromaﬁc sk * e *
NP 0.93 1.12  73.47+4.48 73.82+3.59 134.87+7.72 161.38+5.79°  8.77+0.55 12.51+0.68
Isoleucine 0.60 0.72  73.82+4.43 73.67+4.21 165.62+5.64™  186.83+5.26"  13.11£0.52"  16.17+0.71"
Threonine 0.60 0.72  73.73%3.84 73.18+2.33 148.98+6.52"  166.43+5.20"  10.75+0.51"  13.32+0.50"
Valine 0.67 0.80  73.92+4.99 73.62+5.01 150.00£5.16™  166.87+5.68"  10.87+0.77""  13.32+0.47"

* Significantly different from the control treatment

** Significantly different from the level 2

! Methionine and cystine

2 Phenylalanine and tyrosine

3Level 1 and level 2 were the 50 and 60% of the control treatment for limiting amino acid deficiency respectively
4 The control group’s day 3 weight was 73.50+5.20 g, day 10 weight was 223.53+11.45 g, and body weight gain
was 21.43+1.24 g/day
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Table 11. The effects of individual limiting amino acids at the 50 or 60% deficient level on

body nitrogen retention rate of broiler

Limiting amino acid Nitrogen retention rate
Limiting X-coordinate of

intake (g/kg®7*/day) (g/kg"7/day) Slope  X-intercept
amino acid intersection*

n==6 n==6

Level 13 Level 2 Level 1 Level 2
Lysine 0.89 1.07 0.69+£0.04™  0.84+0.12"  0.85 0.080 1.45
Arginine 0.96 1.15 0.71£0.05™  0.86+£0.08"  0.75 0.017 1.57
Sulfur amino 0.66 0.79 0.72£0.06™  0.87£0.04  1.10 0.004 1.07
acids'
Histidine 0.24 0.29 0.60+0.03"  0.73+0.05" 2.6 0.011 0.46
Tryptophan 0.14 0.17 0.84£0.06™  1.04£0.11"  6.56 0.012 0.19
Leucine 0.98 1.18 0.63£0.03™  0.77£0.05°  0.68 0.047 1.78
Aromatic 0.93 1.12 0.58+£0.04™  0.71£0.09°  0.69 0.100 1.79
amino acids?
Isoleucine 0.60 0.72 0.77£0.11"  0.93£0.05°  1.29 0.003 0.91
Threonine 0.60 0.72 0.68+£0.05""  0.82+£0.10"  1.15 0.009 1.02
Valine 0.67 0.80 0.65£0.05""  0.79+0.05"  1.03 0.033 1.17

* Significantly different from the control treatment

** Significantly different from the level 2

! Methionine and cystine

2 Phenylalanine and tyrosine

3level 1 and level 2 were the 50 and 60% of the control treatment for limiting amino acid deficiency
respectively

4 The intersection point of a straight line, resulting from the two deficient groups with the same limiting

amino acid but at different levels, with a horizontal line, y = 1.17, from the control group
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Table 12. Requirements for growth, maintenance and growth plus maintenance of each

essential amino acid for broilers and their value relative to Lysine =100

Amino acid Growth Maintenance Growth plus

(mg/protein accreted g) (mg/kg""*/day) maintenance

(g/kg""/day)
Lysine 188.24 (100) 79.94 (100) 1.45 (100)
Arginine 213.33 (113) 16.57 (21) 1.57 (108)
Sulfur amino acids! 145.45 (77) 3.99 (5) 1.07 (74)
Histidine 61.54 (33) 10.50 (13) 0.46 (32)
Tryptophan 24.39 (13) 12.11 (15) 0.19(13)
Leucine 235.29 (125) 46.67 (58) 1.78 (123)
Aromatic amino acids® 231.88 (123) 100.29 (125) 1.79 (123)
Isoleucine 124.03 (66) 2.55(3) 0.91 (63)
Threonine 139.13 (74) 8.67 (11) 1.02 (70)
Valine 155.34 (83) 32.96 (41) 1.17 (81)

! Methionine and cystine

2 Phenylalanine and tyrosine

2 132 A LR 2ZEECTIRAMRE 2% 4G R

Table 13. Dynamic estimation in ideal essential amino acid pattern for different growing

period

Amino acid 0-10 days old 10-21 days old 21-35 days old
Lysine 100 100 100
Arginine 111 111 109
Sulfur amino acids' 75 75 74
Histidine 32 32 32
Tryptophan 13 13 13
Leucine 123 123 122
Aromatic amino acids? 123 123 123
Isoleucine 64 64 63
Threonine 72 72 71
Valine 81 81 81

! Methionine and cystine

2 Phenylalanine and tyrosine
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FEouptEhd s R o K AERZEET U A2l P2 B R
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Table 14. The amino acid requirements of broiler for various strains with different growth rates

Daily intake required Requirements in diets
(g/kg"/day) (%)
Current study ~ Wei et al'. Current study Wei et al. NRC (1994)? AA (2014) Li et al. (2003)*
(2009) (2009)

Age (day) 0to 10 14 to 28 0to 10 14 to 28 0to21 0to 10 0 to 28
Lysine 1.45 0.83 1.14 0.98 1.10 1.28 0.84
Arginine 1.57 0.87 1.24 1.02 1.25 1.37 1.00
Sulfur amino
acids 1.07 0.67 0.84 0.79 0.90 0.95 0.86
Histidine 0.46 0.28 0.36 0.33 0.35 - 0.28
Tryptophan 0.19 0.15 0.15 0.18 0.20 0.20 0.14
Leucine 1.78 0.86 1.40 1.01 1.20 1.41 1.24
Aromatic

. . 1.79 1.12 1.41 1.32 1.34 - 1.14
amino acids
Isoleucine 0.91 0.57 0.72 0.67 0.80 0.86 0.59
Threonine 1.02 0.54 0.80 0.64 0.80 0.86 0.70
Valine 1.17 0.65 0.92 0.77 0.90 0.96 0.77

! Using a slower growing breed (Taiwan country chick) by the same method as the current study
2 Using a faster growing breed (Commercial broiler strain) by reference summarization
3 The abbreviation of Arbor Acres Broiler Nutrition Supplement and using the same strain broiler as the current study

4Using a slower growing breed (Chinese Taihe silky fowls) by a factorial approach
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Table 15. The ideal amino acid patterns for growth plus maintenance (relative to Lys) from the current study compared with data cited from literature

Breed Age (day) Lysine Arginine  Sulfur amino Histidine Tryptophan Leucine Aromatic Isoleucine Threonine Valine
acids amino acids

Current Commercial broiler 3to 10 100 108 74 32 13 123 123 63 70 81
study I' (Arbor Acres Plus)
Current 100 105 72 30 13 118 118 61 69 79
study II?
AA(2014) 100 107 74 - 16 110 - 67 67 75
NRC (1994)  Commercial broiler 0to 2l 100 114 82 32 18 109 122 73 73 82
Wei et al Taiwan country chick 14 to 28 100 105 81 34 18 103 135 69 65 79
(2009)
Li et al. Chinese Taihe silky 0to028 100 119 102 33 17 148 136 70 83 92
(2003) fowls
Roth et al. Commercial broiler 8 t0 28 100 108 70 38 14 108 121 63 66 81
(2001) strain (Ross)
Baker and New Hampshire male 81022 100 105 72 32 16 109 105 67 67 77
Han (1994) x Columbian female
Hurwitz et Commercial broiler 7to 14 100 115 74 26 14 119 105 75 70 111
al. (1978) strain
Baker et al. New Hampshire male 81020 100 106 - - 17 - - 61 56 78
(2002) x Columbian female

! Established by the improved dose response which was executed in trial three

2 Established by amino acids deletion
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RSk Bcdy 1 SAS kLt 4 47 B8 (Statistical Analysis System, Ver 9.4, for Windows
10,2018, USA )& {7 &~ 47 » #icdp £ 12 — S a4 $73¢ (General Linear Models procedure,
GLM) it i % = » +7 (ANOVA) » § P-value -] >t0.05p% > * £ @ F 3 Bg ¥ £ B >
£ K 575 £ £ §F% % (Duncan's New Multiple Range Test) & {7 £ EJ2 e ¥
BiEz e TRy ToE £ RERLAT o ¥ b Fa 4 (Procrsreg) i

BEAML AR AR AR B E S T N L BT AR
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TR AR 2 o EATRAECR Y SASHL 4 17 Rl > o 2ba e fF 405 (Nonlinear
regression procedure, NLIN ) iz 45 8 -] 3% £ = = ;> (Leastsquares method) - fz 324
st fFs ¢ ehgdcis (Robbinsetal, 2006) o 3780 2 2 425% 5 ¢
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Table 16. The nutrient composition and analyzed value of diets with the different ratios

of essential amino acids to total amino acids diet for broiler

_ Treatment El®  E2 E3 E4 E5
Ingredients
-------------------------- g/Kg-------=-mmmmmmm e
Cellulose 95.00 90.00 85.00 79.00 73.00
Maize starch 593.25 531.01 468.77 407.54 346.30
Glycerol 10.00 10.00 10.00 10.00 10.00
Soybean oil 43.00 43.00 43.00 43.00 43.00
Choline-Chloride (50%) 3.76 3.76 3.76 3.76 3.76
Vitamin premix! 10.00 10.00 10.00 10.00 10.00
Mineral premix} 70.00 70.00 70.00 70.00 70.00
Threonine 8.00 8.00 8.00 8.00 8.00
Glutamic acid 82.34 149.58 216.81 284.05 351.29
Valine 9.20 9.20 9.20 9.20 9.20
Methionine 8.40 8.40 8.40 8.40 8.40
Isoleucine 7.20 7.20 7.20 7.20 7.20
Leucine 1400 14.00 14.00 1400 14.00
Phenylalanine 1410 1410 1410 1410 14.10
Lysine HCI 1425 1425 1425 1425 1425
Histidine 3.60 3.60 3.60 3.60 3.60
Arginine 1240 1240 1240 1240 12.40
Tryptophan 1.50 1.50 1.50 1.50 1.50
Calculated
ME (Mcal/kg) 3.00 3.00 3.00 3.00 3.00
Crude protein (%) 13.00 17.00 21.00 25.00 29.00
Total amino acid (g N/kQg) 20.80 27.20 33.60 40.00 46.40
Essential amino acid (g N/kg)? 1296 1296 1296 1296 12.96
Essential: Total nitrogen 0.62 0.48 0.39 0.32 0.28
Analyzed (%)
Moisture 10.07  10.22 9.86 10.12 10.33
Crude protein 13.77 1762 2132 2493  28.66

1 The same as that of the table 7

2 The nitrogen content of each essential amino acid (g N/kg): Thr, 117.6; Val, 119.6; Met, 93.9; Ile, 106.8;
Leu, 106.7; Phe, 84.8; Lys, 153.3; His, 270.8; Arg, 266.0; Trp, 137.2
3 Essential amino acid: total amino acid (E: T) in E1=0.62, E2=0.48, E3=0.39, E4=0.32 and E5=0.28
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Figure 11. The linear regression of initial nitrogen mass on the metabolic body weight of
broiler at 3 days of age (The fourth trial)
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Table 17. The effect of the different dietary ratios of essential amino acids to total amino acids on the growth responses and body nitrogen retention

rate of broiler

Treatment! n Day3 weight Day3 Day 10 weight Day 10 Body weight  Nitrogen retention Total
(2) N mass? (g) (2) N mass (g) gain (g/day) rate (g/kg’’"/day) nitrogen
utilization
El 6 73.10+2.44 1.64+0.04 159.97+5.10°¢ 4.31+0.17° 12.41+0.67°¢ 0.77+0.09° 0.294+0.04*
E2 6 73.23+1.86  1.64+0.03  195.14+8.02°  5.52+0.27°  17.41x0.91° 1.02+0.08° 0.30+0.02°
E3 6 72.87+1.88 1.63+0.03 217.80£10.20*  6.19+0.16* 20.71+1.36° 1.11+0.06% 0.26+0.01°
E4 6 72.97+£2.42 1.63£0.04  222.224+12.34*  6.44+0.31* 21.32+1.74% 1.18+0.10? 0.23+0.02°
E5 6 73.38+1.95 1.64+0.03 228.57+9.112 6.50+0.37% 22.17+1.36° 1.15+0.15° 0.20+0.03°¢
P value
Linear 0.96 0.96 <0.01 <0.01 <0.01 <0.01 <0.01
Quadratic 0.84 0.85 0.02 <0.01 0.02 0.04 <0.01

! Essential amino acid: total amino acid (E: T) in E1=0.62, E2=0.48, E3=0.39, E4=0.32 and E5=0.28. Crude protein in E1=13%, E2=17%, E3=21%, E4=25% and E5=29%

2 Those values were estimated form figure 10 in this item

3 Utilization value were relative to intake

a¢ Different superscripts means that significant differences exist between treatments in the same column (P < 0.05)
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Figure 13. The broken-line of nitrogen utilization on the different dietary ratios of

essential amino acids to total amino acids
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Figure 14. The operating procedures of fixation and intubation
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Figure 15.The effect of lysine and leucine reduced by 40% relative to the control group on body nitrogen retention rate
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Table 18. The effect of each amino acid reduced by 40% relative to the control group on body nitrogen retention rate and the corrected amino acid

intake ( relative to control = 100%)

Limiting amino acid Amino acid intake Nitrogen retention rate Slope! Corrected amino acid intake?
(% of control) (% of control) (% of control)

Lysine 60.11 71.79 0.71 88.65
Arginine 59.90 73.50 0.66 86.71
Sulfur amino acids 59.85 74.36 0.64 85.80
Histidine 60.42 62.39 0.95 98.47
Tryptophan 60.71 88.89 0.28 71.96
Leucine 60.20 65.81 0.86 94.80
Aromatic amino acids 60.22 60.68 0.99 100.00
Isoleucine 60.00 79.49 0.51 80.76
Threonine 60.00 70.09 0.75 90.27
Valine 59.70 67.52 0.81 92.57

'"The slope is based on the straight line in the figure 16

2 The each amino acid intake of the control group was corrected according to the slope of first limiting amino acid
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Table 19. Nutrient composition and analyzed values of the practical diets for the broiler

at different growing stage

) Feeding period (day) O0to 10 11to 21 2210 35
Ingredients
-------------------------- g/Kg-------=-mmmmmmm e
Corn meal 507.35 532.81 587.18
Soybean meal (CP 43.46%) 365.07 337.93 282.86
Fish meal (CP 69.32%) 50.00 - -
Meat born meal (CP 59.23%) - 50.00 50.00
Soybean oil 37.49 51.16 55.92
Ca(H2POs):2 11.19 5.57 4.19
CaCO3 11.20 5.45 4.33
Vitamin premix! 3.00 3.00 3.00
Mineral premix} 2.00 2.00 2.00
NaCl 3.00 3.00 3.00
Choline-Chloride (50%) 1.50 1.50 1.50
Coccidiosis medicines 0.60 0.60 -
DL-Methionine 4.96 4.71 4.07
Lysine-HCI 0.42 1.08 1.15
Threonine 1.37 1.19 0.80
Arginine 0.85 - -
Calculated
Crude protein (%) 23.00 21.50 19.50
ME (Mcal/kg) 3.00 3.10 3.20
Analyzed (%)
Moisture 11.45 11.93 12.11
Crude protein 24.10 22.18 20.53

1The same as that of table 5
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Table 20. Body weight, metabolic body weight and body protein mass of broilers at different ages (0, 10, 21, 35 days old)

Age (day) n Body weight (g)  n  Metabolic body weight (kg®”®) n Body protein mass (g)”
0 66 44.3743.25 66 0.09710.005 6 6.80+0.25
10 60  297.16+42.00 60 0.40240.044 6 48.20£1.40
21 54 902.71+99.25 54 0.92540.079 6 149.45+7.05
35 47 2063.98+182.41 47 1.72140.115 6 330.07+£21.66

*Selecting two chicks closed to the average weight of each pen to determine protein mass
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Table 21. The average of metabolic body weight, body protein accretion rate and other growth performance criteria of broilers in different feeding

periods
Feeding n  Mean of metabolic body n Body protein n Feedintake n Body weight n  Feed conversion
period (day) weight (kg®'%)! accretion rate (g/day)? (g/day) gain (g/day) ratio (g/g)
0-10 60 0.249+0.023 - 4.14 3 31.04+0.76 60 25.28+4.12 3 1.23+0.02
10-21 54 0.663+0.061 - 9.20 3 78.15t1.35 54 55.061£5.93 3 1.42+0.07
21-35 47 1.316+0.092 - 12.90 3 132424372 47 84.21+9.31 3 1.57+0.09

! The average of the first day and the last day metabolic body weight at each growth stage

2 Using comparative slaughter to determine body protein accretion rate for each feeding period
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