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Figure 1 The buffaloes in resting pen before slaughter process

Figure 2 Stunning with captive bolt
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Figure 4 Skinning



Figure 5 Splitting

Figure 6 Chilling carcass at 4 °C



106

flank
short plate . z
€chiangmai university

Figure 7 Carcass cutting after chilling for 24 hours at 4 °C

Figure 8 Meat color, fat thickness and loin eye area of buffalo meat fed different roughage:

concentrate ratios. (a) roughage:concentrate = 50:50, (b) roughage:concentrate = 50:70
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1.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,

beaker 50 ml.
beaker 100 ml.
beaker 500 ml.
bucher funnels
centrifuge
column
conduct — meter

cylender No. 10, 25 ml.

cylender No. 50, 100 ml.

desiccator
distellation flask

fat extraction thimble
freezer

gas chromatography
hot plate

instron

Kjeldahl extraction
Kjeldahl flask
minolta chroma meter
oven

pH meter

polysealer

round bottom 100 ml.

round bottom 250 ml.
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Taaa

No. 1000
No. 1000
No. 1005
Megafuge 1.0
DB - Wax
LF196
In20C

No. 3022
GL 32

No. 2800258
FC-27
GC-14B
EVI

5565

CR -300
DEV
913

210E

¢ S
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Pyrex
Haldewanger
Heraeus
J&W
WTW

Witeg

Pyrex

Glaswerk Wertheim

Duran
Whatman
Sharp
Shimadzu
Gerhardt
Instron Ltd.
Gerhardt
Gerhardt
Minolta
Heraeus
Knick
Muster Mfg
Schott

Schott

Uszina
USA.
USA.
USA.
Germany
Germany
USA.
Germany
Germany
USA.
Germany
USA
England
Thailand
Japan
Germany
England
Germany
Germany
Japan
Germany
Germany
Germany
Germany

Germany



A A
[ RENEVG]

25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.

soxhlet extraction
spectrophotometer
suction pump

titration

tube No. 13 x 100 mm.
volumetric flask 50 ml.
volumetric flask 100 ml.
volumetric flask 1,000 ml
vortex mixer

water bath

balance (4 decimal)

whatman No. 1, 41
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Tauaa

DU 7500
VDEO 530

NW 2.5 mm

G-560E

2842

UIEN
Gerhardt
Beckman

W. Krannich
Brand

Pyrex
SCHOTT
SCHOTT
SCHOTT

Uszina

Germany
Germany
Germany
Germany
Germany
Germany
Germany

Germany

Scientific industries, Inc USA.

W. Krannich

Sartorius Gmbh

Whatman

Germany
Germany

England
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1.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.

27.

acetic monohydrate

anti — foaming agent

20% Boron trifluoride in methanol

calcium chloride
chloramine — T — reagent
chloroform

conc. Sulfuric acid

dichloromethane

4 — dimethylaminobenzaldehyde

distilation water

ferric chloride

glacial acetic acid
hydrochloric acid
hydroxy proline
methanol

perchloric acid
petroleum ether
potassium chloride

1 — Propanal

2 — Propanal

pure dry cholesterol
sodium acetate trihydrate
sodium chloride

sodium hydroxide
sodium sulfate anhydrous
thiobarbituric acid

2, 2, 4 trimethyl pentane
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N3N
Analytical Reagent
Analytical Reagent
Analytical Reagent
Analytical Reagent
Analytical Reagent
Analytical Reagent
Analytical Reagent
Analytical Reagent
Analytical Reagent
Analytical Reagent
Analytical Reagent
Analytical Reagent
Analytical Reagent
Analytical Reagent
Analytical Reagent
Analytical Reagent
Analytical Reagent
Analytical Reagent
Analytical Reagent
Analytical Reagent
Analytical Reagent
Analytical Reagent
Analytical Reagent
Analytical Reagent
Analytical Reagent
Analytical Reagent

Analytical Reagent

Fluka

Lab — scan
Merck
Merck
Merck
Lab — scan
Merck

Merck

Merck
J.T. Baker
Merck
Merck
Merck
Merck
Lab — scan
Merck
Merck
Merck
Sigma
Merck
Merck
Merck
J.T.Baker
BDH

Lab — scan
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Analytical column :
Detector : FID (fame ionized detector)
Injector : split — split

Temperature program : - column initial temperature 220°C

initial time 10 minute

column final 13 min

- program rate 5 °C/minute
- injector temperature 250 °C

- detector temperature 280 °C

230 °C

5 °C/min

220 °C

10 min | 2 min 13 min

Figure 9 Condition of oven for detected fatty acids profile by GC (inject temp. 280 °C; detector

temp. 300 °C) (9NN, 2544)
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MINIYNES

1. Sulfuric acid 7 N
wurinaulaly volumetric flask Y119 2 @915 750 ml. 193 sulfuric acid 375 ml. &1L

a 3’ Y a 3 A a9y A 9 <
uazmuuﬂwm‘u 2 9919 (Lﬂumqmwﬂuuﬁm HIONDUYU)

2. Buffer solution pH 6

' v
Famsaaae |1l
- citric acid monohydrate 30 N3N
- sodium hydroxide 15 n3u
- sodium acetate trihydrate 90 n3U

o OBJ} oy Yy A 9 1
1!']1/]\11(?11@213@11811!141 500 ml ummmﬁazaww”lﬂalﬁ volumetric flask UU1A

a a 9 Y] kY g‘ M) <3 = 9 A
1 893 NAY 1 — propanol 290 ml. U5V pH dretinau huluviadn Tauu 2 hew)

3. Oxidant solution
A¥a19 1.41 U Y94 chloramine — T Reagent 14 buffer solution 100 ml. (Lﬁﬂﬁ

4o Tuwrads 1duu 7 5u)

4. Color reagent
82194 — dimethylaminobenzaldehyde 10 A3 Tu perchloric acid (60% wt/wt)

35 ml. (N9 W oUVEULT ) 1A 2 — propanol 65 ml. (193 en1FIuADTY)

5. Hydroxyproline standard solution

Stock solution FEAUANMYNYU 600 pg/ml IABazaty hydroxyproline 30 mg. lu
g’ o <] . A a vy A
UINAU 50 ml. (Lﬂ‘UGll.l volumetric flask NYUNHN 4°C hlﬂlﬂu 2 1ADU)

Intermediate solution SEAVANMIUTY 6 pg/ml. Taetlia stock solution 5 ml. Talu
volumetric flask Y11 500 ml. YSvsmasdreiman (wIoniuaeiu)

Working solution Taetlia intermediate solution Y1101 10, 20, 30 tag 40 ml. Tarlu

v '
volumetric flask 119 100 ml.  USuiSuiasdresinauliasy 100 ml  szauAIw
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1[WUYU hydroxyproline 92491191 0.6, 1.2, 1.8 1482 2.4 u hydroxyproline/ml. MNE1AY (193 833U

ADIU)

6. 0.5 M methanolic sodium hydroxide

@ ’ . y D, & v A

%4 sodium hydroxide 2 Un. aza181u methanol 100 wa. wazlianuiowaniouivo
¥relumsazane
7. W18 ferric acetate /uranyl acetate

Y
aza1e ferric chloride hydrate (FeCl,6H20) 0.5 a5y Jusinlszana 10 wa. ey
4 ] [ a
wouTuiiey leasen loaduduadly 3 wa. weliidhiu winanynouued ferric hydroxide
Y 4 9 g’ o 3 U 2K o dy aa
Juanaznoualeiiinau aunuannduan 3imznoutioonuiazatslunsaozsan
I a a [ '

Wnduldiu 1 AasuaziA uranyl acetate (UO,(C,H,0,).2H,0) 0.1 n5u ael1) wehauazaiod

y d o ad oY 1 &
1Lan Lﬂﬂuqﬂwuqﬂiumjﬂﬁu']@']ﬁ ﬁ]gﬂ\iﬁjhlﬂ@fnﬂu@ﬂ 6 1PDU

8. Sulfuric acid reagent
0¢019 anhydrous sulfate (anhydrous FeO,) 0.1 nsu Tu glacial acetic acid Y3103 100
Y 2 a ) A A o qud Yy A 9
ya. UaUAY conc. H,SO, BINF19 LUASAULIBY] IUATU 100 WA, LﬂJf]“I/ﬂleLEJuLLa'J Lﬁ]f]i]NﬁlTi

ATUAATAIY conc. H,SO,

9. Alcohol KOH
IN38091NNITIAN stock KOH 1511915 4 1@, 891U volumetric flask Y119 100 1. 1/51

151103 19a51828 absolute alcohol D0 96 1.

10. Sulfuric acid 40 mmol/l

9 J
1A% conc. H,S0, U511as 2.2 wa. murhnauasli U5ulsuasldasu 1 das

11. Sodium alkoside reagent 28 mmol/l
%9 sodium methylate 150 4. leraalu volumetric flask Y119 100 WA, LAY 2-propanol

1 q Y Y o S (o (a ) = - ' & Aq v
e lianiu niulsulsmnasvasy amsazaetiaisesonlvinnasanle
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12. Sodium metaperiodate 3 mmol/l reagent
Y v
02018 sodium metaperiodate 650 WM. LIAY ammonium acetate 177 n5u Turhinau
Y a [ a Y a 4 g/ o
U5z 800 wa. uANAY glacial acetic acid 60 Wa. YSvUTUasIAsVARTA0UINEY

4
miazawﬁmﬁmw”lﬁ)ﬂizmm 1 gﬁau

13. Acetylacetone reagent
e acetylacetone Y5105 0.75 wa. 1N 1U volumetric flask V1A 100 wa. Y5V

Aa 3
UT1105878 2-propanol ey 1Y 6 e

14. Thiobarbituric acid reagent 0.288% (wt/vol.)
%4 thiobarbituric acid 0.2883 . AN acetic acid NAANWTUTU 90% a1l Tianw

Y 3 9 Y o a Y 1w
JOUNUDYIUDSDY LLa'J‘]Ji‘]J‘]JiiJW]i‘lWL‘VI'Iﬂ‘U 100 ya.

15. mamssuneamneseataz Insndme lsdanasgiu

IAT8% stock standard 19 ‘c’JGf;JQ pure dry cholesterol 130 pure dry triolein standard 250 4.
11 volumetric flask Y119 100 1@, 1A% chloroform 2411313

17583 working standard Up4nBIATINDTOA 1A8Tlila stock standard Y5103 10.0, 15.0,
20.0, 25.0 taz 250.0 va. lalu volumetric flask YUIA 500 ¥@. 1AUAY chloroform 40, 35, 30,
25 waz 100 wa.  srduanmsuduildwihdu 0s, 075, 1.0, 125  uay 2.50

YN./Na. 9NN

aau stock solution Chloroform ANMYNTY
(Wa.) (Wa.) (Wn./ua.)
1 10 40 0.50
2 15 35 0.75
3 20 30 1.00

4 25 25 1.25
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Slaughter wt., kg3/ Hot carcass wt., kg~ Carcass percentage, % back fat, cm Carcass length, cm Loin eye area, cm2

[ treatment 1 M treatment 2

Figure 10 Carcass quality of finishing mature buffaloes in different fed roughage:concentrate

ratio diets.

Muscle pH 45 min p.m. Muscle pH 24 hr. p.m. Conductivity 45 min p.m. Conductivity 24 hr. p.m.

‘ [ treatment 1 M treatment 2

Figure 11 pH and conductivity value of finishing mature buffaloes in different fed roughage:

concentrate ratio diets.
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Muscle pH 45 min p.m. Muscle pH 24 hr. p.m. Conductivity 45 min p.m. Conductivity 24 hr. p.m.
Oip Mst

Figure 12 pH and conductivity value of finishing mature buffaloes in different muscles.

L* a* b*

[ treatment 1 M treatment 2

Figure 13 Muscle color value of finishing mature buffaloes in different fed roughage: concentrate

ratio diets.
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L* a* b*

Ol Wp Lst L sm

Figure 14 Muscle color value of finishing mature buffaloes in different muscles.

Moisture, % Protein, % Fat, %

[ treatment 1 M treatment 2

Figure 15 Chemical composition value of finishing mature buffaloes in different fed roughage:

concentrate ratio diets.
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Moisture, % Protein, % Fat, %

Cir @ o st [ sm

Figure 16 Chemical composition value of finishing mature buffaloes in different muscles.

Dirip loss, % Thawing loss, % Boiling loss, % Grilling loss, %

‘ [ treatment 1 M treatment 2

Figure 17 Water holding capacity value of finishing mature buffaloes in different fed roughage:

concentrate ratio diets.
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35
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25

20

Drip loss, % Thawing loss, % Boiling loss, % Grilling loss, %

O Mo st Osm

Figure 18 Water holding capacity value of finishing mature buffaloes in different muscles.

Maximum force, N Area, N.sec

[ treatment 1 M treatment 2

Figure 19 Shear force value of finishing mature buffaloes in different fed roughage: concentrate

ratio diets.
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350

300

250

200

150

100

Maximum force, N Area, N.sec

OIF BLD OST OSM

Figure 20 Shear force value of finishing mature buffaloes in different muscles.

Tenderness Juiciness Flavor Overall acceptability

[ treatment 1 M treatment 2

Figure 21 Panel score of finishing mature buffaloes in different fed roughage: concentrate ratio

diets.
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Tenderness Juiciness Flavor Overall acceptability

O Mo Osr

Figure 22 Panel score of finishing mature buffaloes in different muscles.

Soluble Insoluble

[0 treatment 1 M treatment 2

Figure 23 Collagen value of finishing mature buffaloes in different fed roughage: concentrate

ratio diets.
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Soluble Insoluble

OIF LD OST OSM

Figure 24 Collagen value of finishing mature buffaloes in different muscle.

Cholesterol, mg/100g meat Triglyceride, g/100g meat

[ treatment 1 M treatment 2

Figure 25 Cholesterol and triglyceride contents value of finishing mature buffaloes in different

fed roughage: concentrate ratio diets.
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Cholesterol, mg/100g meat Triglyceride, g/100g meat

OIF LD OST OSM

Figure 26 Cholesterol and triglyceride contents value of finishing mature buffaloes in different

muscles.

0.4
0.35
0.3
0.25
0.2
0.15
0.1

0.05

Day 0 Day 3 Day 6 Day 9

a Treatment 1 m Treatment 2

Figure 27 TBARS values of finishing mature buffaloes in different fed roughage: concentrate

ratio diets.
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0.5
0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05

Day 0 Day 3 Day 6 Day 9

OIF ®LD OST OSM

Figure 28 TBARS values of finishing mature buffaloes in different muscles.



Table 1 Mean of cholesterol triglyceride content and TBARS value of finishing mature buffaloes fed different roughage: concentrate ratios within different

muscles.
Roughage: Concentrate
P-value
Criteria 50:50 30:70 SEM
IF LD ST SM IF LD ST SM feed muscle Inter'

Cholesterol and Triglyceride

Cholesterol, mg/100g meat 64.43  42.67 47.82 53.77 70.24  47.75 54.97 61.11 0.130 0.011  <0.001  0.987

Triglyceride, g/100g meat  3.81 5.90 4.13 2.40 5.02 7.35 4.26 3.04 0.014 0.019  <0.001  0.547
TBA number, mg of malonaldehyde/kg meat
Day 0 0.21 0.09 0.15 0.23 0.14 0.60 0.13 0.32 0.00 0.68 <0.001 <0.000
Day 3 0.35 0.09 0.16 0.25 0.22 0.08 0.28 0.34 0.00 0422 <0.001 <0.000
Day 6 0.49 0.15 0.23 0.28 0.42 0.25 0.44 0.4 0.001 0.008  <0.001 0.030
Day 9 0.34 0.08 0.19 0.39 0.22 0.06 0.24 0.48 0.001 0.935  <0.001 0.069

/ .
"Interaction between treatment and muscle type.

LTl



Table 2 Mean of collagen and color value of finishing mature buffaloes fed different roughage: concentrate ratios within different muscles.

Roughage: Concentrate

P-value

Criteria 50:50 30:70 SEM

IF LD ST SM IF LD ST SM feed muscle Inter’
Collagen (g/100g)
Soluble 0.34 0.33 0.33 0.32 0.41 0.39 0.39 038 0.000 0.001 0.805 1.000
Insoluble 1.84 1.42 1.86 1.46 1.99 1.27 1.92 1.30 0.003 0.726  <0.001 0.217
Muscle color
L* 33.97 31.13  35.30 31.93 3403 33,58 37.88 34.11 0.013 0.000  <0.001 0.120
a* 16.08 13.36  18.32 13.81 16.00 13.82 1847 1491 0.011 0.249  <0.001 0.677
b* 1492 1227 1559  13.24 1443 1267 1637 1397 0009 0238 <0.001  0.420

1/ .
Interaction between treatment and muscle type.

8C1
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Table 3 Mean of Meat quality value of finishing mature buffaloes fed different roughage:

concentrate ratios within different muscles.

Roughage: Concentrate

50:50 30:70 P-value

Criteria IF LD ST SM IF LD ST SM SEM feed muscle  Inter”
Chemical composition
- 0,
Moisture, % 7403 7319 7414 7440 7338 7284 T73.64  74.09 0.01 0.04 0.00 0.94
H 0,
Frotel™s 191 2.44 1.81 1.62 2.10 278 1.79 173 0.01 023 0.00 0.79
Fat, %

2284 2351 2324 24.16 242 2338 2313 2411 0.01 037 0.00 091
‘Water holding capacity
+ ce 0,
Drip loss, % 322 0.59 161 2.93 3.59 322 3.49 2.93 0.04 0.05 034 036
Thawing loss, % 8.14 6.26 7.62 19.08 8.39 7.57 5.34 19.89 0.11 0.99 0.00 0.84
o ¢
Hoilifglde % 3659 3069 3418 3256 4199 3173 3485 3347 0.12 0.18 0.00 0.70
., ;
Grilling loss, % 4047 3345 3787 - 4586 37.84 3407 - 023 0.46 0.05 0.32
Shear force, N
Maximum force,
N 5399 4572 5761 7485 5459 5378 5660  57.82 0.08 0.4 0.00 0.00
Area, N.sec

197.83 16722 34472 29745 183.19 16701 33615 24375  0.40 0.15 0.00 0.4
Panelscore2
Tenderness

5.53 631 6.03 - 5.86 6.17 6.00 - 0.01 0.79 0.10 0.63
Juiciness 531 5.97 5.61 - 5.67 5.81 5.75 - 0.01 0.55 022 0.52
Flavor 528 5.89 5.94 - 6.19 625 6.08 - 0.01 0.02 035 0.26
Overall
acceptability 5.44 6.11 6.05 - 6.00 6.28 6.06 - 0.01 022 0.13 0.50

"Interaction between treatment and muscle type.

1< low, 5 = moderate and 9 = high.



130

Table 4 Mean of fatty acid composition of finishing mature buffaloes fed different roughage:

concentrate ratios within different muscle. (% of fatty acids)

Roughage: Concentrate

50:50 30:70 P-value
Fatty acid IF LD ST SM TF LD ST SM SEM  feed muscle Inter"
C 14:0 0.13 001 001 001 001 001 001 001 002 033 038 044
C15:0 376 415 419 430 428 430 411 514 013 020 031 066
C15:1 065 049 095 129 052 033 048 096 006 003 000 074
C16:0 1065 029 261 075 036 020 027 045 103 011 024 025
C 16:1 027 012 011  0.09 006 011 011 014 002 029 070  0.08
C17:0 367 337 400 425 450 398 478 505 0.3 000 005  0.99
C17:1 036 020 029 048 018 017 014 038 002 001 000 0.0
C18:1 482 012 011  0.09 010 011 007 009 059 031 039 040
Cl182n6c 1083 1397 1220 12.78 953 1089 969 674 114 016 085  0.90
Cl182n-6t 2234 3737 4190 40.96 37.15 4052 3556 3096 200 092 033  0.13
Cl183n6 3114 3115 1946 18.15 2938 3272 3227 2913 322 036 078 0.2
C 18:3n-3 686 507  9.00 10.71 751 366 660 1171 038 048 000 332
CLA 0.11 008 048  0.19 138 013 010 0.5 017 049 052 031
C 20:0 0.11 007 015 0.0 012 007 012 013 00l 095 000  0.19
C20:2 0.61 044 088 ILI2 062 031 056 094 003 001 000 033
C20:3 n-3 031 031 050 077 070 033 045 093 003 006 000 0.1
C 22:6 n-3 200 181 125  1.78 222 125 287 476 018 000 001 0.0
C21:0 021 023 055 057 024 008 021 021 004 000 005 0.6
€222 017 012 011 0.15 013 017 063 070 006 004 028 024
C22:1 006 005 010 0.1 009 008 008 010 001 072 050 054
C:24:0 059 051 105 121 081 042 075 112 005 048 000 023
C24:1 028 009 0.3 1118 011 016 015 021 002 088 044 004
Total SFA 1912 862 1255 0.5 1032 9.06 1024 1210 095 020 005 025
Total MUFA 643 106  1.69 221 106 097 1.04 188 061 019 040 037
Total PUFA 7445 9032 8576  86.60 88.62 89.97 8873 8602 123 0.0 005  0.12
PUFA:SFA 774 1061 779  8.10 879 1030 892 812 024 032 000 0.2
n-6 PUFA 6432 8250 73.56 71.89 76.06 8413 7352 6683 132 024 000 0.6
n-3 PUFA 925 719 1074 13.26 1043 524 992 1740 051 053 000 0.6
n-6 :n-3 462 1354 695  7.62 2504 2114 962 528 229 017 022 048

"Interaction between treatment and muscle type.
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d’ 9 dy A A Qy (] o ] A o
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hyuiugdad .m0
Thmifniifenszilemnde sl
M3 s1mAenlansu
50:50 30:70 50:50 30:70

Lean meat from round

Quadtriceps 160 9.7836 9.6089 1565 1537

Semimembranosus 160 12.4662 12.5615 1995 2010

Semitendinosus 160 6.3646 5.9052 1018 945

Biceps femoris 160 12.7555 13.0277 2041 2084
Longissimus dorsi 200 12.5714 12.0176 2514 2404
Psoas major 220 4.6814 4.5325 1030 997
chuck 260 67.3543 64.6723 17512 16815

Fore shank 160 17.095 18.0782 2735 2893
Plate 130 13.5182 14.2968 1757 1859
Brisket 150 11.9665 11.6032 1795 1740
Trim meat 110 5.2337 7.0707 576 778
Tendon 10 3.3927 2.6418 34 26
Fat 5 28.7196 31.5203 144 158
Bone 1 39.7393 43.3048 40 43
skin 15 31.2444 28.8526 469 433
head 20 10.1781 10.2305 204 205
tail 20 1.0520 0.9583 21 19
total internal organ 100 42.4745 40.0414 4247 4004
33U 39,697 38,949
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a3 2.010

criteria price/kilograms

Lean meat from round

OQuadtriceps 160.00

Semimembranosus 160.00

Semitendinosus 160.00

Biceps femoris 160.00
Longissimus dorsi 200.00
Psoas major 220.00
chuck 260.00

Fore shank 160.00
Plate 130.00
Brisket 150.00
Trim meat 110.00
Tendon 10.00
Fat 5.00
Bone 1.00
skin 15.00
head 20.00
tail 20.00
Total internal organs 100.00

MIAAAUNUMIYUNITL0
1. mmaniuinszile Aouthuyusia 30 vmaenlansu
2. MIMITTU Uszana 6.5 Uneen lansy
3. M9MITHeU Uszana 3 umaen lansu
4 AU AATIAMTNINLYBIALI Eoanszile 12 dadent A1iuTuas 180 1M
Foiua sy s 15 vmdenaamnzie 1 oty

5. alsusou Uszunm 2 unasdine Tu
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% a o Y] J. v
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T uAralszana 100 8a35 9aoAN1INAA0Y AAXIUIIAKNNY 125 TNNADAN

= a 9 Y a o dy a Y 1A

AudeToma AaAUNUIIN 10 1-8 TnsAndasinenileRuiniosas 2.5 % Aol

MUTMI 15991da73 A101N3 68 VINABH

Tinseioyuilszana 45 v/nn Aamuaa)
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