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SUMMARY

New storage and processing techniques for the
improvement of chicken economic traits

A. Development of technologies for the production of high quality
chicken meat and optimum processing methods

Four experiments were conducted to determine the effect of supplementation
with a -tocopherol and selenium for the shelf-life extention. Exp. I -is for
determining the type of a-tocbpherol, exp. I is to determine the effective
durations of @ -tocopherol supplementation for shelf-life extention, exp. II is -to
examine the synergic effects of a-tocopherol supplementation with selenium on the
shelf-life of chicken meat during refrigerated storage and exp. IV is to examine

the effect of various packaging methods for the improvement of shelf-life.

Two types of a-tocopherol, RRR-¢a -, 7 -, § -tocopheryl acetate and all-rac-
a -tocopheryl acetate, were- used at two dietary supplemental levels (50 or 100
mg/kg feed) were compared to determine appropriate type of supplementation
a -tocopherol (Experiment ] ). Concentration of « -tocopherol in muscles and
oxidative stability were improved by vitamine E supplementation regardless of
type of supplementation. supplementation all-rac- @ -tocopheryl acetate resulted in
higher oxidative stability than that of RRR-a-, 7 -, § -tocopheryl acetate. All-rac-
a -tocopheryl acetate was chosen to supplementation of further study.

Effective supplementation duration (fed a diet over last 6 weeks or over
last 3 weeks) were evaluated to determine the optimum supplemental duration of
a - tocopherol (Experiment II). There were no critical differences on ' the
concentration in @ -tocopherol in muscles and oxidative stability of lipid beyond
supplement of 6 weeks, 3 weeks respectively. So we choose over 3 weeks

supplementation because it is economic compared with over 6 weeks.
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Five levels (0, 50, 100, 200, 400 IU) of a -tocopheryl acetate and two
levels (0, 2 ppm) of sodium selenite were supplemented for last 10 days or 21
days to examine the effect of supplementation on the shelf-life of chicken meat
during refrigerated storage. The concentration of « -tocopherol in muscle showed
positive correlation with lipid stability. The minimum supplementation level were
100 IU for improving lipid stability and the highest lipid stability was achieved
by supplementatin 400 IU g« -tocopherol. The levels of « -tocopheryl acetate and
sodium selenite supplementation did not affect growth rate, and the concentration
of @- tocopherol in muscles was influenced by the level and duration of
supplemented @ -tocopheryl acetate. The concentration of ¢ -tocopherol in muscle
was significantly increased by either 100 IU supplementation for 21 days or 200
IU for 10 days.

No differences were founded between 0 and 2 ppm supplementation of
sodium selenite in muscle selenium. However, there was a significant difference
in selenium contents between 21 days and 10 days of supplementation.
Futhermore, the level of . @- tocopheryl acetate was close correlation with
selenium contents in muscle.

Therefore, evidence suggests that there were significant relation among the
levels and durations of a-tocopheryl acetate and sodium selenite

supplementation.

Vacuum packaging, shrink packaging, modified atmosphere packaging I
(MAP I, 100% N;) and modified atmosphere packaging I (MAPI, 80% N, +
20% CO2) were ecvaluated to evaluate the effect of packaging method son
economic trait. and shelf-life. Vacuum packaging at 6 days of storage showed
highest and shrinkage showed second drip loss among packaging methods. MAP
I, O showed little difference and were lower than others on drip loss. The
amount of drip loss was decreased in the order of vacuum packaging, shrink

packaging and MAP at 6 days storate. Consequently, it was concluded minimize
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drip loss was achieved by MAP in this study. There was no substantial
difference in bacterial count among packaging mehtods. Although MAPII
showed slight lower level in bacterial count. Based on above results, vacuum or

MAPTI was recommended better methods to improve shelf-life and drip loss

B. Manufacturing techniques settlement of high quality chicken meat protein.

1. Purpose of study

This study was accompanied 1) to settle refining techniques of high quality
chicken meat protein 2) to settle frozen denaturation and oxidation preventing
technique of chicken surimi 3) to settle gellation improvement technique of meat

protein from chicken surimi.

2. Results and conclusion

First experiment was accompanied to settle refining techique of high quality
chicken meat protein. Chicken surimi was made from MDCM (mechanically
deboned chicken meat) by various washing procedures. Processing parameters were
evaluated to develop the optimum processing techniques to yield the best quality
of surimi. The effects of washing processing on the thermal gelation, color,
functional properties, and microstructure of chicken surimi were investigated.

Among the SC (sodium chloride, 0.5%), STPP (sodium polyphosphate, 0.5%)
and SBC (sodium bicarbonate, 0.5%) solution, STPP washed MDCM was lighter,
and less red than other washing treatments. But SC washed MDCM was higher
WHC (water holding capacity) and adhesiveness than STPP washed MDCM.

The effect of increasing the ionic strength from 0 to 1% sodium chloride
was to reduce the amount of salt soluble protein and meat pigment in the surimi
products. Textural rigidity was highest in the heat-set surimi washed with 0.2-0.5%
NaCl solution.

As the number of washing increased, the gel strength decreased, but the
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color lightness value (L *) increased. Scanning electron microscopy released
distinct difference among the washed MDCMs by the number of washing cycle.
The washed meat showed a fibrous protein network structure resulting from protein
gelation.

Consistent effects of different wash temperature (4°C and 20°C) were not
observed although the color value and gel strength of surimi washed with 20°C
solution was slightly higher than that with 4°C.

Of the various examined, pH had the largest effect on the properties of the
chicken surimi. Pigment which was measured by the color difference meter were
more effectively removed by raising the pH value of the washing solution. And
higher moisture contained at higher pH value. Chicken surimi washed at pH 6.0
solution gel had greatest textural rigidity such as hardness, cutting strength, tensile
and compress test.

Therefore, the quality of chicken surimi made from MDCM was affected by
processing factors such as washing solution and cycle, pH change, ion strength,
and temperature etc. We recommend that the effective washing procedure of surimi
from MDCM was to reduce the connective tissue with chopping and filtering
(2mm, Imm and 0.6mm mesh), and to remove meat pigments with 3 washing
cycle (5 volume of 0.2-0.5% NaCl, pH 6.0), and to concentrate on myofibrillar
protein with centrifuging at 3000rpm for 25 min. _

Second experiment was accompanied to investigate frozen denaturation of
chicken surimi and to settle prevent oxidation technique. As storage temperature
become higher, protein functionality of surimi had much drip, dark color and
mechanical texture changed.

Frozen surimi lose functionality easily at -10°C, also their functionality lose
partly at -18°C. As temperature higher or storage period delayed, cooking gel's
network structure unfolded, microstructure was roughed, aggregated, and showed
deeply dehydrated condition. As storage temperature lower, TBARS (thiobarbituric
and reactive subtance) or lipid peroxidé formation was supressed during frozen

storage. Thus, oxidative stability of sugar-added surimi was increased than
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salt-added surimi by storage temperature both -10C and -18TC.

Sodium phosphate 0.2% + sorbitol 4% + sucrose 4% mixed surimi or
sodium chloride 3% + sorbitol 4% + sucrose 4% mixed surimi treatment was most
suitable method to prevent freeze-denaturation of meat protein. Phosphate
compounded treatment had good property about color, fat, prevention of protein
denaturation.

General antioxidant propyl gallate 0.02 % + sodium ascorbate 0.2 % .+
sodium tripolyphosphate 0.2 % added surimi significantly suppressed lipid oxidation
than control during frozen storage. instead of general antioxidant, natural spice
extract(oleoresin) 0.05% rosemary, 0.05% thyme, 0.05% sage, 0.05% mace, 0.05%
marjoram, 0.05% bay content per chicken surimi had oxidation stability during
frozen storage respectively.

Third experiment was accompanied to improve gellation techniques of meat
protein from chicken surimi. To confirm suwari and modori phenomenon of
chicken surimi protein, were tested at various temperature, salt, mixing ti;né and
cooking treatment conditions. 4

After determined optimim salt concentration,‘ mixing time and cooking
treatment conditions, all gels were examined under scanning electron microscopy.
Low temperature setting effect of chicken surimi were tested at 5°C, 25C, 30T
and high temperature setting effect of chicken surimi were tested at 47.5C, 50,
52.5C, 60C. Gel degradation phenomenon (modori) of chicken surimi were tested
at 50, 60C. _

Setting effect of chicken surimi had both low temperature and. high
temperature. There were most high compressive force at 5C for 20 hours.
Compressive force of chicken surimi at 25°C for 3 hours 2times than control
(non-setting treatment).

As increased salt concentration, texture properties were improved and
compressive force were showed most high value on 3% sodium chloride. When
surimi were mixed with salt, optimum mixing time was 10 min and Optimum

cooking treatments of chicken surimi were 90°C for 40 min. Scanning electron
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micrographs of gels structure from chicken surimi were showed small pore size
and large numbers at setting temperature 50T, salt concentration 3%, mixing time
10 min.

To  improve gel functionality of chicken surimi were added 2%, 5%, 10%
egg albumin, starch, corn starch respectively. All treatments were showed low
moisture content than non-mixtured control. Egg. alumin was showed most high
compressive force and T.P.A value. Especially, 10% egg albumin was showed

good protein functionality.

C. A study on chicken meat snack with spent fowl.

This study was carried out to produce the best nutrient meat product which
was manufactured by using the mixtures of spent fowl and grains (corn starch,
potato starch, rice flour).

This experiment consisted of three stages; (1) the definition of optimum
heating condition, (2) the mixtures of spent fowl and grains (corn starch, potato
starch and rice flour) and the popping procedure, (3) These results are following

as.

1. The definition of optimum heating condition.

Spent fowls were processed by different heating temperature (100, 105, 110,
115, 120 and 125C) and heating time (20, 40 and 60min) and then analyzed
cooking loss, color, tendemness, shear force, strength of bone. Through these results
the optimum heating time and temperature were determined by using RSM. These
optimum heating conditions were resulted in both 112°C (40min) and 100TC
(40min).

2. The mixtures of spent fowl and grains, and the popping procedure.

Spent fowl were grinded and then mixed with gains. The mixed compounds
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were regulated by different ratio (3:1, 2:1, 1:1, 1:2 and 1:3), and then adjusted in
20% moisture to moderate pellet form.

The popping procedure was designed by popping temperature (260, 270 and
280°C), popping time (5, 7 and 10sec) and amount of inlet (2 and 3g). After the
pelletted compounds were popped at these popping conditions, bulk density, color,
breaking strength and sensory test were analyzed. Through these results, the
optimum popping time, temperature and the ratio were determined by using RSM.
These optimum popping condition were resulted in both 280TC (5sec, 1:1 =
meat:corn starch) and 280°C (5sec, 1:1 = meat:potato starch). |

According to the temperature and the ratio of compound, the changed
popping textures were observed by using scanning electron microscope. The higher
popping temperature, the tougher snack particle were formed and the higher of
grain ratio, the better particle of popping snack.

3. The establishment of production process of popping snack and fhe definition of

shelf life of popping snack.

Resultly, the production process of popping snack is following as.

D heating process of spent fowl= (@ drying and powdering of cooked spent fowl
= (@ mixtures of spent fowl and starchs = @ dough of the mixtures (adding
spices) = (® pelleting = ® moisture adjustment of pellet particles = @
popping.

~ The optimum moisture content of dough was about 50% and the optimum
moisture content of pellet particles was about 17%. A kinds of spices are curry
taste, green laver taste, taste of chicken boiled in plain water, taste of chicken
roasted, Bulgogi taste and sweet taste. In descriptive analysis, Bulgogi taste among
these spices showed the highest score in acceptability. The shelf life of popping
snack was suitable 6 months. When popping snack were manufactured with
rosemary with antioxidant properties for increasing of shelf life, the between

control and snack added rosemary were no significant difference.
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surimi AZ2E E171& AL OdEL Fo FAs 7AYoz A1)

i
&



o WE FYdct AAE TS RAH FAs% g3
TR HAAE Frbstd 2ZYE Fol YEAFAAH

7] A% = A) §-(mechanically deboned chicken meat), :=A|F &, &L T A KE o]
£33t surimig Az nA & A 24, FAZY EF7), 257, 942
27], &3 59 718 Aol "asg. #2|AE A3 JiAFE U
o A 71&2 ARAEET. AR LS AKEFELS FH0 A3 ¥
AAE AF KEFE]7] dFd P FIYAe] UF F/E 21F VTS
o2 AFHAZ Aol surimiolt}. SurimiAZE 98 SEFES #4 F 247
€] 8FHE, FEFEA T &9 Foly &ujFH, 2= H pHe HA
Zlgol "Weadd. Y AxY surimi AFL ojggyoz ujg EXAINS
714 old Aol "ojxng A3HA Jled §E9E YFHA el
879} Surimig& ©] &3t @Yol e 4F SAFE Az AfAME
surimid; o] §H8 ZYARFDAA] EHE Botstn nE9 XN £
€ol U3 oz aFdr). .

SurimiE& YEFOZ BHGD ALAo] BT FAFLE Az fadE
TR de A4S ol Aok g, 484 SWEAY FEIIE
I XYY Z4F AxviEe] &7d @A @34 L surimid] 2 ~ 3%
NaClg o] EHsn2A G484 dgdo] FEo FE&AU b5 Ao A%
gelst zrgo] o3 ojFojZt. ol 2 FENHo] M2 dA viA 218
Ay FHEd. oF suimidle HojdAE BRI IAYE 7] A
suwarigh L 3}ed 40T A AAAIZ seting FA L W3] E Fol] 90ColA 7}
A3ty LuAFE FAHol Yok SurimiB TWE HFAEFL gel PO =
Tolgdot @A(elasticity)?t AL (firmness) =7t FAL FS3A Bt
(Suzuki, 1981; Anon, 1987). o]¢}zto] surimi8] AZE &g AZHYn <
23 vt e 7€dd A AAFHQ deA A1 Jeg Az
Atz o -

&, HA, g3 2 SAFTEL 457 &8 APl JtEE, Pol
Ay A FoeA ¢g7] Wl surimist L ZLYFEHIRE FE8
57} AF FUYERER ol &suR & 7€l AUk S o2 H|
24 A, HRAZEE MRM (mechanically recovered meat)o|L} HOZHE

o

HEG Fo 3
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MDCM (mechanically deboned chicken meat)@} & WA & AF 177}
AAEBA olES 1F SYFAR A e Yo AEH7 AFEA
o mEA F£E o] &3 surimio] AZATIE KR A o] F< 80dd
o Eolgtx EAHo 2 AFAHI. MRMo|Y MDCM# & AF&E& T4
s ¥, #, Adl, AW, FE2HE T AANE 43, 1719 iAsE
QA 7H vABEL] FE HAAZE & Ao BT opl} nF {IHEAF
o] R ARty HFAFY AFRA 44 FAANHASF A 2EHY A
AX o2 olA7tA FK/o A surimid] 7= Ko vl R uFF A
Aolw HIZ o] gAof ulFolA Ad3st A FEHA.

rAFolvt MDCM2 M7Zo] Ax zZz}o] Ymn Yol &S ¥ oy
g st A dojur] "WEd 7138 98foE FHo] A3 "oy
2PA 80dd o]FH¥ w3 North Carolina State Univ., Royleigh, North
Carolinad] = MDCME A A1z st AF7F FAZAY Mg FHL
2 @43 olFoA 1 dY. MDCMo] E°ide YL deo] EEAM Axn
AEIANE AAY & Jdx Fh(FroningT, 1973). 23U FAF 47,
&, JEFEL o AAZI Y3t <A, ascorbic acid, acetone, sodium
acetate, hydrogen peroxide, sodium bicarbonate, sodium metasulphite & =%
v} 9lth(Thompson, 1984). o] B AL A A7) 3 screeny L 27|% 31 &
FA17171 918 QA8 PP E AEdrie st AZERE surimi
T 7134 952 ol4E8uUA YERAED. AS surimid YFREWY, ¥
% 9w wALAd, AstdA sigd @M A7 I8 uRE 44
ojtk. ¥ Yolst A& surimiE o] &t A g YH YA gel
PAo B AFE Ko s A LHAA ¥ on KA dojy
= ogel Y @A) UuE 19 Byl JS ¥ 443 AR g1 U
2822 AKE o] &3 swimi§ AE3}L YFREFAA gelAH S FIA
e 7lEe] $ElvEdAaE =94E AR AU, I ALz oK v
3 AAAY 71€0) ¢13 FHHA FI U opgH FAHEY gl AL
z24sle F29 9 7HgE AWl S ofd Hurt UF
o Eetct. EFAXNEEA surimio] 518 R E2)d A& Aol HI o
Folth. 3Rl E4o2e FEHF, pH, AYE ZAEAqol &1 £
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Sqoze AR, a4, A2, ALY, YA, B4 2e 4L AW
Moz BAH o B},

3. A5 298E A AF (M2 3tA)

2YAFELE 29 F e FUHA =AKo] QAU ZST sMFn R
M ZAAHE 27149 HPFY stz HFFAYI FHE R 7HF
€ E°lt Aot =AKY LHHE FAAFY oo QA LENAANAF
< Jid, AAstY JtAe EAE ndRA] @A soor #rh. a2y o)AA
EAGAA A Ho AAREAE ddo] AR7}F 2Fee PPezE H}HE
HE Zol7leAY A Asds dduz 238 713dle do| g2 F
7vetA € Relt

meta AFe £xd wE JEWHE WAAA ARASFYANE APsie
Zled s ALd AREE o433t FHlo] {4A ¢E F U1 A
FEAE F A= FIEA AFL Jlde] Yasdd.

FYdA AAEE Fa71E )88 AFEL AJ|FolU YPdEHo] YR
oA H2dE FESE HARY HFE 98 HA Rl 2 FF S
o]F L Ut 7Iete PANFH AFL Fa7] AFe] oldn Huv)st 48
o] d8-2 ARE A Fel B3l

2HAEFL diFEo]l A& S5+E AL AR AYst Ut A
FL2A 7€ o8 2YAFTLE SXY AJFI dF FA749 93
a7l AR dEZ A4 ARHR I O P54 5(1990)9
T E SEUEIVIZ HIMEK(FE 75%) SES ol &3ld B2 de
Az F wigule o P3}g, 95, 474, Ay 5 A 23, g2
71 ¢ £S89 v¥€o] 1: 3dd Ha2ad Ax7} M Ao BadPo. o}
€8 171¢FE 58 Yie IAGgn vAx AFY YAx M5 Re
2 #dsiid

e n7]2dAFL o 62 @2|(Dillon, 1990)0] @3t Ao HAHY
&8 AAsa S BAED 949 a7t F4og YH e ALY



o)7] WEo w2 AEY HLEE s o]FolA B AMEo) et gl
o g2 g AEALE AT AEIJD. oJRe FALY w2
FErlzE 4o BE 178 ol4d Wy2ade Ve o seHoz
Brlsagn EW usAEd usdze] ¥ Yoz AvHe U
AdEolfnt. Tt A A urle £EFFo] A EAEHA
%A 993, ALz $ABAEY B FuguA vSAR Aol §
E4E HAA ARNGE 28 08T FE2I AR Y@ AT @
s AYsT U wEYEvE BHade Az FYEEHo)
20-40% 429 ROZ HIEATHUS Patent, 1969) ATl B Zo] ofd
GEAYAZAZE B2 B2 AESHS McKee S(1995)¢ A7 & BE
g7z Azsd 3 F718 U

Bebd AE7A £98 B1r] 2dAEd B AFARRE ASIEe
sy ure BAE AFoln %oz FEAM HASE o Be FRY TR
g olgste] Erlq AT £4A A4 $EY F Y= A w17
AZL AZT + Y= 716D o8 AASRYE & Y= A2de sjwo] e
ot aEn SeuSlME AL EHT £8L o8¢ suimie] AEy)E
o eE AAs 27HY B1E AdFY sl&o] g AHolmz §F o %
o AUE N N&e wWHezZ A $4¥0d d4ud @I A%
surimi®] A|Z7|go] §HE A2 Az
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A2d dA7HEY 58 A UWE
L AFALEE

Agd i@ 2uzte] BAHE fFEdto FFHe2 FF FU SALAY
g43E st BA AZY A A48 TS T nddd AL A
At AFE FEAAYG 2vHES Fedch B A AYEAI AL S
AdA dAY FEAAE =AS 84S T MEE SAF gz HEg
o, 717k & Eole ASEEE AY NEAFAZ 7le R 1 KE¥VIeE
Agstnz dt. ol ASEELEE AT A2 SAFAL ojdd &%
Ao nFELel 27 AY, EF, AFAEY # AFeY ZE HHo] FHg
HQ Zlzxotd MAHoz AFFHol stu U} SANYS BT
TFAY EEE vRE W LT ASAY, OId ASAF AL ol A2
™3] o]FojAol & A2 JZdY. olYF FEE BAs A & AT
e A7) ARsAz 7S e 2e AREEE ARse s9sqr.

7h AR F1E 4% 1EF AR Adrien 233V E (FEA)
1) a-Tocopherol®] A& H7IA] 34kt A3t P AL ol3&d 54 XA}
2) a-Tocopherol®] Foj2F A3} selenium HZF 3 T o]d & $3 v
3)) AFY FIE AT TPAS AF2D LAY 2L 483 Uy &

4) AR kS AdzAG A4 g

Y. 2E3F AS SURMI AZE71¢ AL (A1)

) 23 ASSYA FAVe &Y

2) A% surimio] WERAG R AsA e &Y
3) A% surimig ©)§¥ SENAY gelst Fof 7|9 &Y
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3 AEF AN YL A% AR A1

2. 97 AL W&
b AR FAE A% 2FE AS AW e 2RSS (FRFAA)

1) a-Tocopherol®] A} H7FAl &4ral &3t FHH A& o318ty EA 74
a -tocopherol®] A wiAitsl, FH 2w E Arst A &3 79

- 25U XN ZE2HETN B4 7Y 2 AWAS o A=
dEg A}

- AFS Az, EALHE TF, SALPAY, SERAL

2) a-Tocopherole] Foja AA 2 selenium BEZFFH T oo @& 3
Cl A Ry '
a -tocopherol A2 d 718 A A3} seleniume] REF 3 73

« 7 HtaAC dE $2A% AZY A7

- Bol AAAle] dig Hrt2AR Y, Hio FAF A A FAL A

- 2% a-tocopherol®] EMF R SAF AW A3 v Y A}

3) ARE FIL AT 2AYYA AFxd 4 R 48 AT
- EZAY SN AL 7 SAv T B4

- X% & A A3t head spaced] Z)|ZAAuE R AYA} RA}
- AFzY 2 AP BE AZ AT
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Tocopherole] Fo #HelE& HA37) 93] free tocopherols}t g -tocopheryl
acetate P2 Yol FAFY. o] F EHAI Hold AL AYsid JFGA
& FEAUEFE Urol S35t ARDA @ ERE 2ASY 3G
Aol ¥ ZFH7F FFHH a-tocopherol®] AFE S TYAGAZ Uro H
7tEE 2Ys3ty AIFIRHALZFEA). |9 teEl4, JtEAY  a-tocopherol
o] ZAHE ¥& ZASIY HAH AIYERE ZAF FH Aol I AALE
128t seleniumg RAFdo a-tocopherole] HEFHNE H23o A
A7 FE A& @FAA AFAEE #H9 )33y EAn §3L 54,
Hrtsta WAL ES FH2HE §F, AGAdSEd u JuRAES
Aoz BAste S nXE 498 EAMFch

ZRAA E4E AAT F LPWACIEXN XY, IFER, Gt wrap X
e AT AFAEE FAAI] A% ML 2. 2 ¥3 &
Ao wel X3 head spaced] F7)XAL BAEA Xyatsie &£x9)
SAAY BAE =AY a8 FAG dj HE A5t I FAE
A a-tocopherol S AR 79 A E 3A && F Qlonz AYG
AFE =4, £, 5S4 FAMHE &89 oo dig B
& n g

Y. 2FA AS SURIMI Ax7)& Y (A1 34)

) zgASEYAY FA 71e &

- A ol FHE A& An

+ O|2AEC }E JrE Y

- 20 we @A 328 §4

- pHE #2094 FI R &84
- A R gy RdAY

2) A% surimie] YEEY R A3} LA JleA
- AL R 710 e 2YHHF ey sy 2A



C FSRAAT, AN 5) R A4RE 2
- 3} (oleoresin, BHTS)E 79 #7138 273

- WEZ A4 Asho] ol g TBARS, POV W38l
- WE7ZIZHE surimi®] 7154 WA3ZRA}

3) A& surimiE ©]§F SN AL geld}t FoirleMY

© A& surimi @RAY 3 H(suwar)F HEY AFHFFE FA
© FFE 2 EFADE geldt THE 7Y

- 2EFVPE S RS §d

© HH dANY 23E AA

AE5<A MDCMo} A& FFd AFF9] 4ol He EFE AA%
1 37 §d9EE e A7E FRAG. Y AzE suimid] 74
FA, A 3R, 45T A A4E HAHY] 9% V¢S @ v
At GANAE suimit HF $AFY FPAAZ o857 AsNM dHgY
o A% Ade BPYF} A=E FAANIE 7€ FHE

o A%e 29sE A% AT (A2 HA)

D) B37|E o8& 712 AzI3HPNL
- FEEF FSE A AS sE&TAAA

- ZF9 &) wigulc] e HAPHHY

< A Gy Y

2) B37E ol & AFAFAL

- W)Y 20 wE @3] AY¥AH A

- ANXAREH 79 vidtEle g E 434 &
© ARG &Y



3) W3l 2 HPAFS AZITH Y R ARG @ AT
- 33t 2 ZYAFY AxTH Y

- ARz e FFWs v

- ARAYLE AT FduiEH =4

Ago) AlgsE A% €9F9 REAE YBHEd giFdA 93 F
AEES AHed 250 WE Y8 AL WA Horgd AudE 4
253 ANE, FFIE, Uit T wi@vE EEdd Alxd B2
o FAL Hridd F3UY Ante] e FuigHlE FHEE F L8 S5H
TFHE T £Fsd ARAFAZITAE I HAFE LS AOACH o
82, AFE2 ZxTE Instrong ©]§3t5, 422 Minolta chromameterE o] &%
o 7le AL F5E F(1990)8 RAE ol &3

B3 gl AL gofstn FH wWiFudRZd BE AHE
B3 AYAFAZITAHS oo ¢4 A7FA AxE A= F b
FE ATFAHSE AEY AXMTRE g AR, 42, FE, Ve A4
AE B

714, 3F, N2z AFLexd oE 47, AHAds, nYEE,
pH 5& 7idds S Ao g3ty AZY F4E A% Fd37ME
e WAS AR B8 AZ7E B5HAE AT



N 2 & MEY Brig 9F 233 AS Y=

ZAIS7 =M (F22UA)

A1A AIHEA 2 AI9H

B ATE AGAES 434 24L& 53 sIHJeH, F /A 489S
AA sl AA AT a-Tocopherolel S48 HAAHL 4¥ 1& 53, a-
tocopherol 2] %@7]&4} e Foam AL 4% II% 53 +3Pstdd. A
fé] MoldE 248 1, 119 A#E vtgo 2 g-tocopherold} selenium 3H7H5 o
o o WAAZEFT AK AZAL S Ul on, 49 ViAAE 5 AE
< B3 A ASE OSE TAEE At AMEdAS R 2R
ol e AFAH FRERE Hrrstdoh AZHY Hrke Awgats, s
AES 7F9 A7 Z5H AR A28 E09 FAFE R AL
&%, A% o8 54 L SASAY dF AFE TFAHAHLZ HAEA
th 2 29 dAE 45H #o.

1. 438 1: a-Tocopherole] F3e) HA

a-Tocopherole] FAHEHE AF8l7] st A T& b o] AU

A: NRCol A} £73tE 7|22 vitamin E 10 [UE /& A& E F49F 2§
(CON)

B: A A}29] RRR-@-,7 -, & -tocopheryl acetate 50 mg/kgS © H7lstd Fod
2% (RRR-A) |

C: A A}2¢] RRR-a-,7 -, & -tocopheryl acetate 100 mgkge © A7t Fo%
3% (RRR-B)

D: A Ao all-rac- g -tocopheryl acetate 50 mgkgs © H7Fedq 49 2§
(All-A)

E: A A}29) all-rac- g -tocopheryl acetate 100 mgkgs © A7l FA4F 1§
(All-B)



APAHA: 548 X 398 X 304 = 4505

Abor Acre A5 9 19% |AE 7dsld ¢ FE FANAZ AHEEA
th. Abgofl o] &% AMB & vitamin EQ] ETZHQ 737}—5 Y& 7FEAIEE o] f
dgon, AKFHE 3FAXNE AVAIRE o|F 6F71A FrAlRE 2o
Ak

2. 438 II: a-Tocopherole] F37|z7tell W8 FAFI HA

F9q7I1e e FAEZTRE AFE7] st A oM #AHE allrac-a-
tocopheryl acetate 100 mgkgS Algd] FH71g F &3 Zol ¥ AHeiz F
q71E dE2A AAs AP AA A

A: A}#.9| all-rac- @ -tocopheryl acetate 100 mgkge © H7}sld AMS Z27)1%H
6712 A% F49%% 2§ (A)
B: A%} BUF AR E ALK 3FRY 6F7HA FA% 21§ B)

AFGAdA: 248 X 39E X 304 = 1804
Abor Acre 7159 19% §718 2Este] £ 18058 FAAZ AL

3. 4 II: a-Tocopherol3} selenium®] H7lFoo] WE ASo FYAAZFA HA

43 119 A% 3FF 5 vitamin EE H7FE o st 2715E Fo3 79
Had da 3 A7t 9oIAA Yol AAY L TS FIRE TA B
gotA SQon, viamin B EHE AIHPODE HAFos HYAHES
d¢ F Yt vitamin B £2& 2487 98 AY M A

a-Tocopherole] ALEH71% 4YE A8 s+Foz HAHALH oo Y
seleniume] BREFF HAYLS 543 FAEE nesld 25Fo02 AR
I F971E 20AR Ukl AANAT.



1) @ -Tocopherol (5+&
NRCollA Qg F3tE 7|22 vitamin E 10 TUS 83 Alg9 o7)d)
all-rac- a -tocopheryl acetateE 50, 100, 200, 400 IU/kgeE © H718le 54Fo =

43.

2) Selenium Q24-%F)
AtEW NRC L&-7%9] selenium 37}+F3} 7)) sodium selenite 2 ppm&
A7teto 2o 2 HA.

3) 5971 2¢4)
a -Tocopheryl acetate®} sodium selenite®] H713& A% 3F FREH 20-A A
F 2199, 290 Fo A2 Yro] Fas: Roz ¥

A9 AR 829 olgate 5x2x2=207kK 9 NPT AYE AAHY
o ATt Be BAZ APADA B9 AFAYol 192E YT S8
o YT WH Bl AFUYE blocko2 HASHE ¢ d(randomized
block design)& ol &3t AP AT 3 AFAPE ANHAT. Bu
o AlFAY 2PE e Pt

Abor Acre A5 198 £7 66058 FAAZ A&
a -tocopheryl acetate (54~F) X sodium selenite Q&) X FH7IQREA) X
3355 (pen'd) = 6604

4. 49 V: Ty g AF3Y FAEY HA
Abor Acre AlE9 193 SAE s 38 FAAZ AL
a -Tocopherol 7} NRCollA 8 T8t 7|2 Q] vitamin E 10 IUE FH§

Atg9} o 7]9| all-rac- @ -tocopheryl acetateZ .50, 100, 200, 400 IUkgS © 37}
3o sz 4o, seleniume AU NRC 8T #9] selenium 37}
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423 o7]|o) sodium selenite 2 ppme A/l 25:F o2 MAAIFAC} ALY
& 33712 AVIANERE FoPen olF 6F7x9 FU|Alg F971T F A
7tge 47138 SAE 1093 FA48te A2 F9713E dASAT

a -tocopheryl acetate (5F) X sodium selenite 24*%F) X replication (3) X
30 (pend) = 9005

AFAEE 658 §AE AR £43td wAHA LY g3 =
Astgoen TA F oEd¥sty AFEXAY, FEFEIA, Zt2XEXF 1 (AL
100%), 7FAXEEA 11 (A4 80% + olastetd 20%)9] 47HA] g ot
g TZL AASR olF HeAd@t2C)d AZANAA AF 6, 12, 18U H
2490 A 22 A4t 7h&Ab(breast)S pectoralis major FE9HE, 4t
(thighye I Z(femur) FRAMRE 7 S(tbia) s1B7HA ) 25& AFH3tA A
22 AHEEAT

5. g # ud

Ay 1, 19 AFAFL SAAS L, 3, 6570 48 W, V& 1, 2, 35, 32
a4, 65 AYNF, ABRAAFE FF3A ABEESS AVSULH, B4F
ol ANFAE Y3 7FFAIRY & A T2 a-tocopherol L seleniumS EF
gt ZARFAAT. AMY 3FARNE AZIMNEE olF 6F7AE FIIAERE
Felstgon 712 AFRUY viamin E $3& 10 kg Qom 7% Atgel
formulation Table 13} 20 A A]3} ]},

7}, FA R

6330 SAS TARoE £45d dutd wWAd o EAsFeH
EAAN & AYF 654 Qs YAsEe olgstd APz gutsignt
7}< 2F(breast) pectoralis major HE &, tha]4d(thigh)2 31 Z(femur) 5ol A

RE 7 2(tbia) BB 28 L AAsA ARZ AHGEHAT



Table 1. Formulation of experimental diets for broiler starters (0~3 weeks).

Raw Material %

Corn, yellow 37.5102
Wheat 25.0000
Lupine-kernel 5.0000
Soybean meal 20.6098
Rap seed meal 1.3000
Fish meal 48580
Yellow grease 3.0000
Lysine-HCI 0.3369
Limestone 0.2897
Tricalcium phosphate 1.0049
Salt 0.1305
Wheat bran ' 0.2320
Methionine 02125
Threonine - 0.0455
Mineral premix" 0.1000
Vitamine premix” 0.1000
Choline chloride 0.1200
Clinacox 0.0500
virginia-M 0.0500
Bio-plus 0.0500
Total 100.0000

Analysis A :
[VOLUME] 100.0000  Tryptophan 0.2157
Moisture 11.4413 Available lysine 0.9000
Crude protein 19.0000 Available methionine 0.3200
Crude fat 6.6143 Available Met + Cys 0.6259
Crude fiber 2.8407 - Available threonine 0.6498
Crude ash 4.6397 Available tryptophan 0.1989
Metabolizable energy 3060.0002 Calcium 0.8000
Lysine 0.9753 Total phosphate 0.6087
Methionine 0.3412 - Available phosphate 0.3700
Met + Cys 0.6709 Sodium 0.1400
Threonine 0.7027  Chloride 0.1969

Fe 50,000, Mn 70,000; Zn 50,000; Cu 7,000; Co 400; 14750; Se 170

Vitamin A 13,000,000 IU/g; D; 2,60’0,000 _IU/g; E 20,000; K; 2,500; Rivoflavin 4,000,
Pantothenic A 10,000; Niacin 40,000; B, 15; Folic acid 1,000; Biotin 80; Ethox’yquin
500

2

=
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Table 2. Formulations of experimental diets for broiler finishers (4 ~6 weeks)

Raw Material %
Corn (C) 35.0000
Corn (GQ) 1.8287
Wheat 25.0000
Lupine-Kernel 8.0000
Soybean meal 21.6536
Fish meal 1.3528
Yellow Grease 4.0000
Lysine-HCl 0.0742
Limestone 0.4828
Tricalcium phosphate 1.3587
Salt 0.2392
Wheat bran 0.3413
Methionine 0.1187
Mineral premix"’ 0.1000
Vitamine premix” 0.0900
Choline cloride 0.1200
Salinomycin 0.1000
Flavomycin 0.0800
Bio-plus 0.0500
Total 100.0000
Analysis
[VOLUME] 100.0000 Tryptophan 0.2285
Moisture 11.6556 Available lysine 1.0401
Crude protein 20.0032 Available methionine 0.4113
Crude fat 5.7991 Available Met + Cys 0.7201
Crude fiber 2.8154 Available threonine 0.7101
Crude ash 46510 Available tryptophan 0.2069
Metabolizable energy  3031.3201 Calcium 0.8000
Lysine 1.1285 Total phosphate 0.6407
Methionine 0.4385 Available phosphate 0.4100
Met + Cys 0.7737 Sodium 0.1400
Threonine 0.7714 Chloride 0.2034

) Fe 50,000; Mn 70,000; Zn 50,000; Cu 7,000; Co 400; I 750; Se 170

? Vitamin A 13,000,000 IU/g; Ds 2,600,000 IU/g; E 20,000; K3 2,500; Rivoflavin 4,000;
Pantothenic A 10,000; Niacin 40,000; By, 15; Folic acid 1,000; Biotin 80; Ethoxyquin
500



. 28 a-tocopherol ¥3F EA

1) Als

Jiang S(1994)9] W& WPs AAHAL. =4 F 194 A9 steT
g 258 AAzAF AYzAL HUAY AAT F 4 7 g 4 AFsiy
polyethylene bage. 2 & F deep freezer(-80TC)oll A AE F 17]€ olule] A Y
€ AAFA.

2) N &

Aae e ADE ZdA FA2 24 F 7912 AE3S aluminum foil
2 & reflux 710 5 g& AFF F, vlgql C 1 g, ethanol 75 ml, 40%
potassium hydroxide 25 ml& WO WZAX QAAN = F24=
(VS-1901W, Vision Scientific Co., Ltd., Korea)& o]£3}] 80T A 6083 7}
g3t A7l &3 & AE A F Pysigeh. Y F reflux F7)4)
A 42 g4 EEZ07]e] Yil, hexaned o] §3te A He& T 158D
A& FEY ARG 8% & EdZY7)) Yol hexane 50 mlE %3
HE F SR AA 23S 499 2dZ207]d 9A Re FHL 28 uE
3] &4 &4HE FE AU 240 AV)d FFSF 25 mlg Bol Y
¥ 329 AA 83 L AASA hexane & o] KOHSt ¥4 8& AAsz
HeAs F/FT $° Hotd A7 HAHL 7~108 BEaPG. Ay F
hexane 2 & alumium foil2 *& rotatory evaporator (R-3000, BUCHI Co., Ltd.,
Switzer -land) F7]o] £7 30~40To|A 2A3t B FAHE AEAY £
isopropyl alcohol 3 mlg ¥o ARE a-tocopherold =9 F CA-membrane
(020 pgm + GF-prefilter, Minisart-plus, Sartorius AG, Germany)d] <o }A]7)3
amber vialol] 2o} -18TCd A AR}

3) HPLC 24

22 NEAM a-tocopherole FFe7] U8l e ge 2o oaf A=
dEadNE A s
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Instrument : HPLC with Gilson 506C

Column : SynChropak (4.6 X150 mm, 5 /m, Gilson)
Mobile phase : methanol : water (90 : 10, v/v)
Flow rate : 0.7 ml/min

UV detector wavelength: 280 nm

Chart speed : 10 mm/min

Peak width : 0.2

Peak sensitivity : 5%

Injection volume : 10 £

a -Tocopherol retention time 8% ol ¥ &= o standardE a -tocopherol
(Sigma Chemical Co., Ltd., US.A)& isopropyl alcohole] A %] Algsge
o] AYzA a- tocopherol 3]=&& a-tocopheryl acetate (Sigma)& ©]-§3t
298 2@02 AN ZABAT

[ o3 RESERNA 2 Y e A R AR S ST T TR

" 20l00 B

Figure 1. Chromatogram of « -tocopherol standard performed by HPLC. HPLC
quantitiation of a -tocopherol was carried out with a GILSON 712 HPLC system
with Synchropac SCD-100 column (15 cm X 4.6 .mr‘n) and UV detection at 280
nm (GILSON 118UV/Vis detector). The eluting solvent was methanol/water (80 :

20, v/v) at flow rate of 1 ml/min.
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t}. Selenium 4]

) AE

Selenium #4]& Whetters} Ullrey (1978)¢] & o839 FAF A Al
2 =4 ¥ 190 J1& dg 2K £ Hole A¥d AAxHE A
A& 3 g& 4z AH st polyethylene bag> 2 M deep freezer (-807T)
2asga A 1709 ojviel 43t

2) BAEY

AYe] AEHE RE 2AE APz AT F o&3Ad AaE AA
o 2 g2 elenmeyer flaskol 2o} FFst. FHSF 4ml, FIAL 7 mig
70% perchloric acid 5 ml& M7} ¥ hot-plateci] A} perchloric acide] ¥ Q7]7t
LAY iz RHez NPt BE flaskoll ] A7 HFIE Loyt
H 2T g ¥i1 Agdol £33A wrx 7tdd F FWAN Y F
10% Q94 3 mlE H7E F A7ld gd. g4dolA disodium dihydrogen
ethylene diaminetetraacetate (EDTA) dihydrate solution (14.2 g/L) 10 mi¢} ¢=2EY
o} 12 mlE A/F F cresol red AAYLS FHUE F 0IN d4H
cyclohexane, 2,3-Diaminonaphtalene (DAN)S ¥& ¥ E¥Z9r]& °|§3o 3
2eagc. 222 ¥ 33 & glass woolg o83t o#AZ DAN &9 5
mlE A7k S0C F2FZAA 308G FXNF F YFAsHd. ¥4 ¥ 6
mle] cyclohexane® M7}@ ¥ rotary shakeold 100~140 pmoE SEZ
shaking 39t} Cyclohexane 3-& fluorometer tubeo] &30 ¥ spectrophoto-
fluorometer (SFM25, Kontron Instruments Co., Switzerland)& o] 83t o753
376 nm, ¥ 34 518 nmo| A F=E& SAHFH

3) Standard

Selenium standard= selenium atomic absorption standard solution (980 ¢g Se/ml
in 1% HNO;, Sigma)g ‘©]-&3}5it}. Standard solutiong elenmeyer flasko] ¥ i
Ngs F49HF L FPstd FHHq AEFAD



gAY 24 R 2H26E §F

1) A&
a-Tocopherol 234 Ye] AlE A T AFFEL FYA AA ik

2) Age &

Ay F#Z&& Folch 5(1957)9 WY& ol 43t AU 2 249
A& 5 g& Folch & 9(chloroform : methanol = 2 : 1, v/v) 50 mlo] 9]
Tissumizer (SDT182EN shaft, Tekmar Co., U.S.A.)& o)&3&4 307 23 #3&
Atk #2 ¥ Whatman #4022 o381 o7 o) Folch £4L © H7}s}
o {F FYE SO m % F A4 24 L SH2EHE FF A6 o
34

3) AYE F2

Lepage<} Roy (1989)¢]. ¥Hd 3} Chee 5(1990)9] WH & #H &3t AA S
Teflon-lined cap tubee] &89 16 mlE& ¥ 100 g] internal standard
(heptadecanoic acid 0.4 mg/ml in iso-octane)}& & F vacuum dry oven o]
€3t 8uiE A3 AARAL 9] AA F methanolF benzened 4 : 1
vVVZ EFE &9 2 mE 9o 4L ¥ Z wbeo] magnetic barg Yo
stiring Al 7] @A} acetyl chloride 200 u1& &t & tubed) A gasE 2
¥ F hot blockell Zo} hot plate $1olA 90T, 1A BQF stirring A7) HA
Bk-&-(methylation)A) 71 ¥ W ¥atdrh. Wy X iso-octane 1 mle} 6% potassium
carbonate 5 mlE Wo] YHE(1,500xg, 25 min)F F FPAL JUg 34
3] amber viale] ¥ A gasZ FJF £ -18Col RBYYG. BN A}
43 ZE A& HPLC grade® Al&-3 4t

4) GC &4
ABE 120 122 343 05 pu1& FYIALH, AFA BN E 95ty
g5 23& o] 43U



Instrument : GC with Hewlett Packard 589011
Column : Omegawax 320 (0.32 mm ID, 025 gm film thickness, 30 m fused
silica capillary column, Supelco)
Injection port temperature : 250C
Detector temperature : 270C
Oven temperature : 200C
Carrier gas flow rate :
« head pressure 118 kPa
» total flow 100 ml/min
+ set up purge 4 ml/min
Carrier gas : He (99.999%)
Flame ionization detector

Injection volume : 1 £
z} peakt fatty acid methyl ester mixtures (Sigma)& o]£3to] FH3 o}

5) ¥H26HE &F

A& g 05 mE vacuum dry ovenolA HulE &H3I] AAY F
Cholesterol E kit (BC 108-E, Yeongdong Pharm. Co., Korea)& o] &3l B3}
Xk gulE AAFT A8 HEAEY 3 mlE EFY F 37C F2FR
(VS-1901W, Vision scientific Co., Ltd., Korea)ol A 1583t wgA1Zl F 1A
ol o] B33 %7)(DU650, Beckman Electronics Inc., US.A)E ©]£3t9 500
mo| X FJEE ST EEJAL kite] S 2HE 7]F (300 mg/100
ml)& o] &3t A&

v}, Thiobarbituric acid value (TBA) &3

urabslE Salih $(1987)¢] WEEL Wy AAAG. NBRE =A F
WA ZQE2T) 1, 3, 7, 10, 1290 7t&F ey 2% 5 g€ 4z Ao



deep freezer (-80T)oll &AL A 17449 ool 43Ut Agg A
3ld 2 g& AFF F 18 ml 3.86% perchloric acid® T §3tgct T A
butylated hydroxytoluene (BHT)S 98% ethanolo] 3.75 mg/ml2 =l £ 0.2 ml
g H7tslg F2A(5,000 rpm, 1 min, AM-8, Nissei Co., Japan)3ldct}. 3 F
AL&A(2+2TC)olA Whatman #1062 o3 A F o34d 2 mis} 20 mM
thiobarbituric acid 2 mlg E¥3te] 22T FAAAM 17X FAGE F EXF=
#A(DU650, Beckman Co., Ltd.,, US.A)E o]&3t9 53InmolA FJEE 2H3
A<t Z3+= mg malonadehyde/kg tissue= $AH3te] el o0, standard:
1,1 - 3,3 - tetra- ethoxypropane2 °} &3 %o}

_E‘
g
=
Iy
I,
i
>
o)
o
Ao
o

1) Ao

Cholesterol (cholest-5-en-3 8 -ol), 7 @ -hydroxycholesterol (cholest-5-ene-38, 7a-
diol),  7-ketocholesterol (3 8 -hydroxycholest-5-en-7-one),  25-hydroxycholesterol
(cholest-5-ene-3 8, 25-diol), 7 B -hydroxycholesterol (cholest-5-ene-3 8, 728 -diol),
7-keto-pregnenolone (3 A -hydroxypregn-5-en-7, 20-dione)& Sigma Chemical A}Z %
8 FY3dtt. 29 chloroform, methanol, hexane, ethyl acetate, acetone,
2-propanol& ¥ F HPLC 58& 793t o] &3tath.

2) NAF&

F A & Folch F(1957)9 ¥H& ol &sAT. M8 2 g AF F
CHCL/CH;0H (2:1, v~v) 50 mlE& #H7}stglch. HPLC #42 $¢ internal
standard2 50 ug 7-ketopregnenolone® H7}3 ¥ polytrong o] &3ty T3
(5,000 rpm, 1 min)3t At #2 F Whatman #1202 o3 3 AAY 5 E¢E
< syl fd A E2(1,000xg, 20 min) AT F AP FEEE D7)
93] vacuum rotary evaporator (R-3000, BUCHI Co., Ltd., Switzerland)$} vacuum
dry oveng o] §3te] gujE =F AABACL



3) NE A

A Z2EL 9:1 hexane-ethyl acetate (v/v) 4 ml2 ©TA| x9l & column
(silica gel, Sep-Pak Vac 20cc, 5 g, Waters)& o] &3t} A3ttt A& loading
% hexane-ethyl acetate (v/v) 9:1 €< 26 mig} 8:2 €9 20 mlE o] &3l B¢
29 A A F 45 mle] acetoned ©| &3 sterol oxide THE F ATt B
Aol A&AES 93] extraction manifold (Waters Co., US.A)E o] 83t 13] 10
MY ABE 7 Mg on 50~60 kPad VFE=E ol 43uh A F
vacuum rotary evaporator® o]-8-3}<] acetone2 A|AE F 7% 2-propanol (in
hexane, v/v) 2.5 ml& sterol oxideE T}A] 5] amber vialel @o] -18ToA B
#3A o

4) HPLC ¥4
HPLCE o]§3to Zd2ug 4312 B4y 98 0ed 248 olf
3%, |

Instrument : HPLC with Gilson 506C

Column : 10 gm g Porasil column (3.9 mm id. X 30 cm, Waters Associates,
Milford, MA)

Mobile phase : 7% 2-propanol in hexane (v/v)

Flow rate : 1 mUmin

UV detector wavelength: 208 nm with 0.032 absorbance units full scale (AUFS)

Chart speed : 0.5 cm/min o '

Peak width : 0.2

Peak sensitivity : 5%

Injection volurhe : 10 42
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Figure 2. HPLC of cholesterol oxides standards. Standards were injected onto a u
Porasil column (3.0 mm X 30 cm) and eluted with 7% 2-propanol in hexane
(v/v) at 1.0 mlUmin. Elution was monitored at 208 nm at 0.032 AUFS. A:
25-hydroxycholesterol; B: 7-ketocholesterol; C: 7 8 -hydroxycholesterol.

A gaT gL 2F

S Wagoz FFINC: Y=91.7, x=0.3138, y=0.3200) A7l Minolta
chromameter (Model CR-300, Minolta Camera Co., Osaka, Japan)E o¢]&3lo &
At EA ¥ Alg€ ¥FQE2TC) A% 1, 2,3, 7, 10, 1294 7t¢
g2|25& At JdFHAQR=E2C)oNA blooming timeE 208 0.2 sl &3
8t} CIE L*, a*, b* chroma[C = (2** + b*)']] 2 UYelyie.

AT SAx0 HEE VAV A8 Kryzwicki (1979)8] HH& o] &34
EH9 metmyoglobin FEE ZA3NUT. FH uHALEL spectrum color
sensor (JP7200F, Color Techno System Co., Japan)2] 30 mm viewing port& )&
st =4 F WRAAZ 2£27) 1, 3, 7, 10, 1299 77 AR E AHHEA A
& HEW & polyvinylchloride wrap2.2 % ¥ A3t 249 A& 3%
=2 ASEHALR-log{% ¥HALE}) EHE metmyoglobin FEE o9 AAky
< ol&3ad.



(AS72 - A700)
metMb (%) = 1.395 - X 100
(AS525 - A700)

oh. YT B

A.OAC (1990) ¥o] 9 As Z48, =AY, =gz 23
ATh.

2

e
A
o

™

2. EAEA

APdAs g i vl Zm EE dolgE SAS (1993)¢] General
lihear model procedure2 A Il Fo4A4 HAHL F-testE: o] L3l A}
Qom AHE leastsquare meano2 UEANT AR o4 AAL
PDIFF optiong o] &3ttt E£3 XYgad, A3 =24, 24 26HE 3,
a -tocopherol ¥, TBA &5 zte 4@BAE A3 4.
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A 2 A4  a-Tocopherol®] e AA (4F 1)
1. At E

ARED ABAAZ AAREES AMS 1F, 3F, 659 71002 UFo §
Mg A3 a-tocopherole] FHYelo] & AY AHeF L FAAY 74
A ol VElYA] @gkoni(Table 3), AFAYF U ou s AT 3=
Bolx ¢o} vitamin EE oW Fel2 Fo3AY 100 mgkg7tA o H7}3t
5 Aoy ABAHAFE dAAY gt ReE AdE F Ao

2. 25\ a-tocopherol #F E4A

‘Table 4 a-tocopherol®] F e, FoFo g st&an gidd F&
8l a-tocopherol 33S& YeElRT. At a -tocopheryl acetate 10 IU7T A
g e dzTFd 93 RRR- 2- y- 8 -tocopheryl  acetater} all-rac- 2 -
tocopheryl acetate fﬁﬂ] 2% Hsleo)] Fg wiE feyoez ZHYW a-
tocopherol ¥ o] ZF71& QA h(p<0l). 2} RRR-a-r-J-tocopﬁefyl acetate 9}
all-rac- @ -tocopheryl acetate® < %oz H7Isle FAF 7 $ol= RRR-c2-
7- & -tocopheryl acetate .t} all-rac- #-tocopheryl acetate ¢ I&W o-
tocopherol $&Fo] 4t ¥& oz velRoy AU Fgde dUd. 2
£3te) va2E o4l Ztg4el H3 a-tocopherole] FAH Fol L A
2 Jelgo. oz A2 B o g-tocopherol o A2 HrtFdd] o}
25U &P FhEGE AL AT & dNed Ay AAEAE
B3] e-tocopherole] HEjE Hg3stna 3t



Table 3. Body weight, feed intake and feed efficiency of broiler chicks fed a
control (10 IU a -tocopheryl acetate) diet or with supplementations of 50 mg. and
100 mg RRR-g-y-¢- or 50 mg and 100 mg all-rac- o -tocopheryl acetate/kg

feed, respectively.

Variable/Treatments ~ CON RRR-A RRR-B  All-A All-B

Body weight, g ' o
1d 45£0.6' 45+0.7 4610.8 4510.6 451+0.7

74d 13112 128£10 130£11 129%10 132£11
21 d 632448 626447 629453 620444 624449
424 18384127 1809+ 118 1827+121 1844136 1836109
Feed intake, g . o
1:7d 170+£13 16510 - 15915 160+t11  168£18
721 d 960+63 968+58 979+78  955+66 . 973t72
21-42 d 2832£327 30741381 29611252 31151407 30321356
Feed efficiency,
g gain : g feed
1-7d- - 0.5140.05° 0.50+0.10 0.52+0.12 '0.53+0.08' 0.52+0.13
721 d © 0.52£0.05 0.51%0.07-0:50+0.04 0.51£0.07 0.510.02
2142 d 0.42+0.03 0.38+0.04 0.40+0.03 0.39+0.06 0.40*0.08
! Mean = SEM

CON : vitamin E 10 IU/kg diet (basal diet)

RRR-A : basal diet + RRR- #-, 7 -, & -tocopheryl acetate 50 mg/kg diet
RRR-B : basal diet + RRR- #-, »-, J-tocopheryl acetate 100 mg/kg diet
All-A : basal diet + all-rac- o-tocopheryl acetate 50 mg/kg diet

All-B : basal diet + all-rac- #-tocopheryl acetate 100 mg/kg diet
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Table 4. Concentrations of «-tocopherol (ug/g muscle) in breast and thigh
muscles of broiler chicks fed a control (10 IU ¢« -tocopheryl acetate) diet or with
supplementations of 50 mg and 100 mg RRR-z-y7-J- or 50 mg and 100 mg
all-rac- o -tocopheryl acetate/kg feed, respectively.

a -Tocopherol (u g/g muscle)

Breast Thigh
CON 1.31°£0.09' 3.88°+0.11
RRR-A 3.83°+0.12 5.89°+0.28
RRR-B 593°+0.18 12.49°%£0.21
All-A 3.97°10.10 6.29°+0.15
All-B 6.24°£0.21 13.26°£0.18

*>¢ Means within columns with no common superscripts differ significantly (P<.05)
' Mean + SEM

CON : vitamin E 10 IU/kg diet (basal diet)

RRR-A : basal diet + RRR- z-, 7 -, &-tocopheryl acetate 50 mg/kg diet

RRR-B : basal diet + RRR- 2-, 7 -, &-tocopheryl acetate 100 mg/kg diet

All-A : basal diet + all-rac- #-tocopheryl acetate 50 mg/kg diet

AIl-B : basal diet + all-rac- z-tocopheryl acetate 100 mg/kg diet

3. 25U 2U2HE ¥% £4

Table 5= a-tocopherol & A7l &) Fod W& 754 teite] F¥Ha
HE $F¢ Yehiich A Wolst & Aoz FriFe AT e 29
ZHE B3 g F4AQA Aol NG 2T stedy G F 2§
A= EHEHE FF Aole FRHA et gt
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Table 5. Concentrations of cholesterol (mg/g muscle) in breast and thigh muscles
fed a control (10 TU a -tocopheryl acetate) diet or with supplementations of 50
mg and 100 mg RRR-2-y-J- or 50 mg and 100 mg all-rac- a-tocopheryl
acetate/kg feed, respectively.

Cholesterol (mg/g muscle)

Breast Thigh
CON 1.10£0.19" 121%0.16
RRR-A 1041024 1.18%0.15
RRR-B 1131021 1.1620.17
All-A 1.15+0.16 117024

All-B 1.12+0.23 1.16+0.22

' Mean + SEM

CON : vitamin E 10 IU/kg diet (basal diet)

RRR-A : basal diet + RRR-2-, 7 -, &'-tocopheryl acetate 50 mg/kg diet
RRR-B : basal diet + RRR- 2-, 7-, &-tocopheryl acetate 100 mg/kg diet
All-A : basal diet + all-rac- @-tocopheryl acetate 50 mg/kg diet

All-B : basal diet + all-rac- o -tocopheryl acetate 100 mg/kg diet

4. AZF ARl =3 (Thiobarbituric acid value)

Table 62 7}54d& 109712 W33 AF@T)3H z-tocopherol o HEejF o
AT 9 A A3 A4 EHE PdFsaA AAG thiobarbituric acid value
4923E Jehdt. 24 AFe AFARH dx2 T H|8] RRR-2-7-4-
tocopheryl acetate\} all-rac- @-tocopheryl acetate FE] 25 371go] Z7}g )
He §oH(p<05)oZ TBAZE Rtx, AFYo] 27194 wat 1 aR:
F38A YElt.  RRR- 2- 7 - & -tocopheryl acetateél- all-rac- a -tocopheryl
acetate® TS foz H/EY FAE A$olE RRR-a-7-F-tocopheryl



acetate R0} all-rac- @ -tocopheryl acetate +2 TBAZ} A& 0, 3, 79 B 7
FE BT AF 1089 FdFHez ¥ AP<o05)ez el AHE A
B Y & Ao HrHHUG

Table 6. Thiobarbituric acid value in breast muscle of broiler chicks fed a control
(10 TU a- tocopheryl acetate) diet or with supplementations of 50 mg and 100
mg RRR-az-7-4- or 50 mg and 100 mg all-rac- 2-tocopheryl acetate/kg feed,

respectively.
Days of storage
0 3 7 10
CON 0.010°+0.00.2' 0.045°+0.011  0.142°+0.014  0.267°+0.043
RRR-A  0.006°+0.001 0.023°£0.002 0.098°+0.009 0.185°+0.024
RRR-B  0.002°+0.001  0.014°+0.001  0.073°t0.006 0.144°+0.019
All-A 0.005°+0.001  0.022°+0.002  0.095°£0.008  0.177°+0.025
All-B 0.002°£0001  0.010°£0.001  0.064+0006  0.123+0016
! Mean+ SEM
abecd

(p<.05).

Means within columns

with no common superscripts differ significantly

CON : vitamin E 10 IU/kg diet (basal diet)
RRR-A: basal diet + RRR-2-, 7 -, & -tocopheryl acetate 50 mg/kg diet
RRR-B : basal diet + RRR- z-, 7 -; & -tocopheryl ‘acetate 100 mg/kg diet

All-A : basal diet + all-rac- -tocopheryl acetate 50 mg/kg diet

All-B : basal diet + all-rac- @ -tocopheryl acetate-100 mg/kg’ diét



Table 72 ©24E 10d7tx] ¥3 HAM4TC)ste  o-tocopherole] 3Fod & )
AT e A% A8 AA Zzol dis) Uerd Astolth AT el A
= Table 69} 7ta4a v A& B QoY RRR-2- 7- §-tocophery! acetate
100 mghkgs H7HE 79 3¢ 3, 7, 1049 2 &A= all-rac- 2'-tocopheryl
acetate 100 mghgg H7He o) ws fogoz WA mHs} we R
E<05)2.2 Jehgth @¥, A4r1zo] Yo we GYMe Aea )
wste] Aol ol e BAZ MM AE 14 R mAE oz
B 7h= Ao}

Table 7. Thiobarbituric acid value in thigh muscle of broiler chicks fed a control
(10 TU @ -tocopheryl acetate) diet or with supplementations of 50 mg and 100 mg

RRR-2-y-8- or 50 mg and 100 mg all-rac- a -tocopheryl acetate/kg feed,

respectively.
Days of storage
0 3 7 10
CON 0.017°£0.002' 0.062°+0.013  0.194°+0.019  0.314°+0.045
RRR-A  0.011°+0.001  0.041°£0.008 0.142°+0.015  0.233°+0.031
RRR-B  0.009°+0.001  0.035°+0.008 0.130°+0.017  0.218°+0.036
All-A 0.011°£0.001  0.042°+0.007 0.133°£0.017  0.224°+0.029
All-B 0.007°£0.001  0.020°:0.002  0.099°+0.013  0.174°+0.018
' Mean+SEM
a,b,c

CON : vitamin E 10 IU/kg diet (basal diet)

RRR-A : basal diet + RRR- z-, 7 -, & -tocopheryl acetate 50 mg/kg diet
RRR-B : basal diet + RRR- @-, »-, &-tocopheryl acetate 100 mg/kg diet

All-A : basal diet + all-rac- 2-tocopheryl acetate 50 mg/kg diet
All-B : basal diet + all-rac- o-tocopheryl acetate 100 mg/kg diet

Means within columns with no common superscripts differ significantly (p<.05).



49 19 ZARE FFHoE EM3EY o-tocopherold] A7 X FYH
o W& A9 4 dF JasRe Qv Re2 HriHAov, vitamin EE
HA7retd 2/ U e-tocopherole] ZEFo|Y AHPo] W 4s}A ARE 2
A + AAUDG. EF a-tocopherole] FAFEH F T E FHYEANNE Aol
b UA kA A A3 oAl &3] A E RRR-2- 7 - J-tocopheryl
acetate Bt} all-rac- #-tocopheryl acetate?] E o7} £& RAo2 Hrixo] olF
Ayl FH93E  a@-tocopherol HE= all-rac- a-tocopheryl acetate® 3 715t
Aoz BA3}AG



Al 3 & a-Tocopherol®] Fo7)zke] W FoJ &} HA
(2% 1)

L AMFAE
WA F HYT B YFEH AaAHIAZ, AJREeS a -tocopherol 9] ¢}

gelol de YD hAE omE FAHY fo4 AolE Pyon
HgZol U FFE Table 37 ¥]% @ FE LehyrHTable 8)

Table 8. Body weight, feed intake and feed efficiency of broiler chicks fed a diet
(100 mg/kg feed a-tocopheryl acetate) over 6 weeks (A) or over last 3 weeks ®).

" Variable/Treatments A B
Body weight, g
1d 45+0.3" 45+0.4
7d 131+6 128+9
21 d 630+ 13 625+17
42 d 1841+32 1836%45
Feed intake, g
1-7d 2016 193%5
7-21 d 925+23 904118
2142 d 2524131 2484+24
Feed efﬁcien_cy,
g gain : g feed
1-7d 0.43+0.02 0.43%0.03
721 d 0.54+0.01 0.55+0.01
2142 d ‘ 0.48+0.02 0.491+0.01
' Mean+ SEM
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2. 2% a-tocopherol 3 £

Table 9= a-tocopherol®] F 7|3t utE 7t&4ta ggidte) A&stes o-
tocopherol & #g el Aolt. Al{ 3FERE o -tocopheryl acetate 100
mgkgs T HFE /tEAT ded BF 28U a-tocopherol  § ol
AbS& 2715 E o -tocopheryl acetate 100 mgkgS ST T wlaste <o
LR Aoz 2AHUOY FAHA FAAE AAHE<01). §H s1&An
o dE vas] 2YE dej4ke] e-tocopherol FHF L stgatd vls) 2u) A=
2 52 Aoz HEyU

Table 9. Concentrations of «-tocopherol (ug/g muscle) in breast and- thigh
muscles of broiler chicks fed a diet (100 mg/kg feed o -tocopheryl acetate) over 6

weeks (A) or over last 3 weeks (B).

@ -tocopherol ( z g/g muscle)

Breast Thigh
A 6.24+0.21' 13.26+0.18

B 5991043 12.99+0.53

! Mean+ SEM

3. A%% AT &3 (Thiobarbituric acid value)

Table 102 7t&E43 tEl4g 109712 ¥ A3 (2E27T)std  2-tocopherol
o AALA F9 AT 29 AW 4 dA EHE AFSIA YAF
thiobarbituric acid “value Y ZAH4E JYelWAth F AT 2F A4 zho)
TBAZLS] #o <} 2ol UehbA] ghon] vitamin E Frbgoiol o 4bg)
A4A A Ye RO Yehnth



Table 10. Thiobarbituric acid value in breast and thigh ,mu:scles_ of broiler chicks fed

a diet (100 mg/ o - tocopheryl acetate) over 6 weeks (A) or over last 3 weeks (B).

Days of storage

0 3 7 10
A 0.002+0.001" 0.010x0.001 0.064 +0.006 0.123+0.016

Breast { ’ .
' B 0.004+0.002 - 0.012%+0.001 0.058 +0.005 0.132+0.020
A 0.007£0.001 0.0201+0.002 0.099+0.013 0.174 % 0.018
Thigh : | - T

B 0.009£0.001 0.025+0.003 0.114%0.011 0.188%0.020 -
' Mean + SEM

AY 09 ARE FPARY ALS 3FF2E o-tocopherole HAIFF A E
A% 2718H F9@ Aol vs) KU o-tocopherol o FEFolL} A3
AA A7t A DoJAA e Ao HAY F Utk £§ A AR kg
2 vitamin E 200 TU H7kA 790] o 4£89% AR Ao g AL
Zgg o AbS 2715 o-tocopherold Fojde R BUaE Aow N
9.
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A 4 a-Tocopherol#} selenium®] H7}gFojo] &
A% $AAZY A4 (49 M)

L AFEY

Z} AMYDHE blocke 2 HA3t 3He AYLAEE T 4FEH AlgA
Y, ABEESS AFY 1, 2, 3F, 329, 659 7|to 2 o AT &
A A3} a-tocopheryl acetate®} sodium selenite®] HA7}4ZE, AAGAH FEIF A
0E Zt gAY wEALo] P FAH(PE<0.05)E JERGA Fgkrh. Table
113} 12&  a-tocopheryl acetate 54T sodium selenite 243 o] th{F 6F7}%]
o &4 AMFAHAHE 4 JdEld AoE2EHN, 37N ©dE HFE, ARHIA
F ALRRE S AT Z HUHA AT SA6 dfAs AW d ¥ Y
ezl gtk FAFH AsHdIATFE 2A2 AEEES E4E 49
selenium®] F H7}pEo] @WE 2ol FA] YEA gt oY ARZE
B 2 AYolA AM8@ Hul A7hE a-tocopheryl acetate®] 400 TUkg feed,
sodium selenite 2 ppme] H7I7F SA9 AIFA A qaAHRE YA E &&
Aoz _IY F 4.

ot & AgolA HZMAY A&FHY HVME AF JHFAIREE o) &F AY
FPong AIRE SO FA 42 A2 A F qed ol & AY9
AREH o2 FAAAY HAJMAY AR FS A @AAEA DHAE
2 AgPYY old e FAFL dHad Aoz YZdd.
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Table 11. Least-square means of body weight, feed intake and feed efficiency of
broilers fed a control (10 IU @« -tocopheryl acetate) diet or with supplementations
of 50, 100, 200 and 400 IU all-rac- a -tocopheryl acetate/kg feed, respectively.

Variable/Treatments =~ CON 50 100 200 400

Body weight, g

1d 42.5£0.1' 429+0.1 42810.1 42401 42.7+0.1
7d 145+1.3 143+13  144%£13 14713 148+1.3
14 d 365£22  363+22 363+22 366+22  365%22
21 d 6757 6647 665+7 6737 675+7
324d 1251212 1231+12 125712 122612 1236+12
42 d 191517 188117 1908*17 1903+17 1901*17
Feed intake, g
1-7 d 202+4 192*4 1924 196+4 1934
7-14 d 3733 3673 3663 3723 36713
14-21 d 622+7 6197 6197 6337  619%7
21-32d 135713 1337+13 135413 1332%13  1356*13
32.2d 163312 1598+12 1585+12 1591+12  1605+12
Feed efficiency,
g gain : g feed
1-7 d 0.54£0.01 0.57+0.01 0.57+0.01 0.58+0.01 0.59+0.01
7-14 d 0.59£0.01 0.60+0.01 0.60+0.01 0.59*+0.01 0.59%+0.01
14-21 d 0.50+0.01 0.49+0.01 049%0.01 049%+0.01 0.51%0.01
21-32 d 042+0.01 042%0.01 043%0.01 ‘0.41i0.01_ 0.41£0.01

3242 d 0.40£0.01 040+0.01 040+0.01 042+0.01 0.41£0.01

' Standard error of LS means

e



Table 12. Least-square means of body weight, feed intake and feed efficiency of
broilers fed diets supplemented with 0 (SO) and 2 ppm (S2) sodium selenite.

Variable/Treatments SO S2
Body weight, g
1d 43+0.01 43+0.01
7d 1461 145%1
14 d 365+1 363*1
21 d 674*4 667+4
32d 1247+8 1233+ 8
42 d 1902+11 190111
Feed intake, g
1-7 d 197+3 ’ 193£3
7-14 d 3702 369+2
1421 d 626+4 619+4
21-32 d 13538 1342+8
3242 d 16068 1600%8
Feed efficiency,
g gain : g feed
1-7d 0.57£0.01 0.571+0.01
7-14 d 0.5910.003 0.59+0.003
1421 d 0.4910.01 0.49+0.01
21-32d . 0.4210.01 0.421+0.01
32-42 d 0.40+£0.004 0.41£0.004

' Standard error of LS means

2. A% YRHE, AW 24
7 A% QAR A
A% YRHES Y 24 2AE B AYe vl viaminiE. F7H

o @e Wast AdgAE ggey 72ARE YSHoZA 98 A 4
dol A £ & ge xHE WA st AANSAAY. 53 viamin E A
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7hell W& Aol AW A Aolrt E AS A 5 FHE
AzxY sotd Ro2 A3 o W& 7xAEE TR FAT
Table 13 t}g], 714389 YHAPES Hliue} RozH I/ T
F 2AY FFo] VI FEY FAHLE & Aoz YERTH(p<05). oy
T YRR HEZE 71EY Easoly ntisix 2 dEl2&y AW #Fol
goe 29y FEgY HAE ZA d9=2x gL ARE Jd& AozH
vitamin E9] A7} A E & #9432 ol JelvA gt

Table 13. Least-square means of proximate analyses between thigh and breast

muscles of broiler chicks.

Muscles
Thigh : Breast
Moisture 78.02°+0.25" 76.48°+0.25
Crude ash 1.02£0.03 0.991+0.03
Crude protein 19.86+0.59 20.30+0.59
Crude fat 227°+0.13 1.38°10.13

! Standard error of least-square means.
® | east-square means with different superscripts in the same row significantly differ

(p<0.05).
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Y. ALY A 24 24

Table 149} Table 15& vitamin E H7lF & @& dd2 83 JtedS
o A 2A4E UEhlAY. F 2§ EF vitamin E &) ¢ A A
T2 (P<05) AFTHA @gon At A AR 7€ B1FAY
Hsd &€ Uedt. Table 162 T2 83 7teI &% Agd 24 &
e AI}zA BAHd AH4AF F  linoleic acid, arachidic acid, cis-11-
eicosenoic acidE A|2g RE A Wate]l Z Mo o)zt U= Aoz Yehyth
F 2% ol SFAY Aol AT 5259 A$ PUFAS w6 AP 2
dol &1, dEld59 7S MUFAS} 09 AQ9 RAo] & ALz BNy
KX
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Table 14. Least-square means of fatty acid composition in thigh muscle of broiler

chicks fed a control (10 IU ¢-tocopheryl acetate) diet or with supplementations of

50, 100, 200 and 400 mg all-rac- a-tocopheryl acetate/kg feed, respectively.

Vitamin E (mg/kg in diets)

Fatty acids 0 50 100 200 400
%

C14:0 0.66+0.03' 0.69%+0.03 0.67+0.03 0.71+0.03 0.69+0.03
Cl4:1 0.22+0.01 021%0.01 022+0.01 024%001 022+0.01
C16:0 20.79+0.33 20.56+0.33 20.94+033 21.34+£033 21.12+0.33
Cl6:lw7 557+021 524+021 554+021 584+021 5.67+021
C18:0 875+020 891020 8.73+020 860+020 8.31+0.20
Ci8:1w9- 3721%0.84 3591+0.84 3746%0.84 37.56+0.84 39.42-+0.84
Ci82¢w6 14381035 1490035 13931035 14.03+0.35 13.73+0.35
Ci83w3 0.715£0.05 0.78+0.05 0.76+0.05 0.81+0.05 0.90+0.05
C20:0 0.13+0.01  0.12£0.01 0.12+£0.01 0.12+0.01 0.085+0.01
C20:199 0.59%£028 0.59+028 123+028 0.60+028 0.61+0.28
C20:2w6 0.18+0.02 0.21%0.02 0.18£0.02 0.16%£0.02 0.12%+0.02
C203w6 03710.02 040%+0.02 0.38+0.02 0.36+0.02 0.31+0.02
C204w6 2531021 2.65+021 2361021 2.17+021 2.041+0.21
C22:0 0.09+0.02 = 0.07+0.02 0.08+0.02 0.05+0.02 0.07+0.02
C24:0 049+0.07 0.54+0.07 0.52+0.07 0441007 0.34+0.07
C22:6w3 041+£0.08 039008 0411008 0.3310.08 0.21£0.08
SFA* 30.890+0.33 30.89+033 31.07+0.33 31.26+0.33 30.62+0.33
MUFA® ~43.58+0.92 41941092 44441092 44231092 45.90+0.92
PUFA* '18.69%+ 0.50 19.52+0.50 18.14+0.50 17.92+0.50 17.34+0.50
Total w3 1.12£0.09 1.18+0.09 1.17+£0.09 1.14£0.09 1.01+0.09
Total @6 17.57+0.48 18.35+0.48 16.97+048 16.79+0.48 16.32+0.48

37.80+0.82 3649+0.82 38.69+0.82 38.16%0.82 40.02+0.82

Total w9

! Standard error of LS means

2

SFA= saturated fatty écid; MUFA= monounsaturated fatty acid; PUFA=
polyunsaturated fatty acid.
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Table 15. Least-square means: of fatty acid composition in breast muscle of broiler

chicks fed a control (10 IU a-tocopheryl acetate) diet or with supplementations of

50, 100, 200 and 400 mg all-rac- -tocopheryl acetate’kg feed, respectively.

Vitamin E (mg/kg in diets)

Fatty acids 0 50 100 200 400
%
Cl4:0 051£0.04' 049+004 0514004 054004 0.50%0.04
Cla:l 0.14£0.02 012002 0.18+002 0132002 0.13+0.02
C16:0 19.81£0.66 2024+0.66 18742066 19.95£0.66 20.97+0.66
Cl6:1w7  3.51£035 3.46+035 3.86+0.35 3.77£035 3.73£035
C18:0 9911044 9.58+044 007+044 9351044 0722044
Cl8:109  30.69%139 3054139 31.49+139 3293+139 33.6%139
CI82w6  14.17+036 14.71£036 13.761036 14.55+0.36 14.34+0.36
C183w3 0541005 0.55+005 063005 061+005 0.59%0.05
C20:0 . 0.09+0.02 010£002 0.15+002 011002 0.14+0.02
C20:109 0541004 0.57+004 0611004 0541004 0.58:0.04
€30206  0.18+021 .033+021 0.15%021 016021 031+021
C20306 035023 075+023 0331023 034023, 0.71%0.23
C20:406 4174058 432%0.58 3.76:0.58 3.57+0.58 4.08%0,58
C2:0 | 021+009 028+009 0.15£009 007£0.09 021009
C24:0 . 1.06£0.18 108+0.18 0.78+0.18 093+0,18 1.04:0.18
C22:603  041%£0.10 043%0.10 058+0.10 0.38+0.10 0.61+0.10
SFA* 31582088 31774088 29.40+0.88 3096:0.88 -32.57+0.88
MUFA* 3487175 3470£175 36.14£175 37.38£175 3801175
PUFA* .= 20712086 21.92+0.86 20.05+0.86 20431086 21.45:£0.86
Total 3 095011 097+0.11 121011 099%011, 120+0.11
Total 06  19.76+0.85 2095+0.85 18.84+0.85 19.45+0.85 20.26%0.85
“Total @9 3123+142 31124142 32.10+142 33474142 3417+142

! Standard error of LS means
2 SFA= saturated fatty acid; MUFA= “monounsamrate_:d fatty acid; PUFA=
polyunsaturated fatty acid.
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Table 16. Least-square means of fatty acid composition between thigh -and breast

muscles of broiler chicks fed in thigh muscle of broiler chicks.

tigh

Fatty acids breast

C14:0 0.51°+0.01' - 0.68°+0.01
Cl4:1 0.14*+0.01 0.22°+ 0.01
C16:0 19.94°+0.23 20.95°+0.23
Cl6:1 w7 3.67°+0.13 . 5.57°+0.13
C18:0 9.52°+0.17 8.66°+0.17
Cl8:1w9 31.85°+0.54 37.51°+0.54
Ci82w6 14.30+0.16 14.19£0.16
Ci8:3 w3 0.58°+0.02 0.77°+0.02
C20:0 0.12+0.01 0.11+0.01
C20:1 w9 0.57+0.09 0.72+0.09
C202 w6 0.50°+0.07 0.17°+0.07
C20:3 06 0.68°+0.08 10.23°+0.08
C20:4 06 3.98°+0.20 2.35°+0.20
C22:0 0.18°+0.03 .0.07°+0.02
C24:0 0.98°+0.06 0.47°+0.06
C2:6w3 0.48°+0.04 0.35°£0.04
SFA? 31.25+0.32 30.94+0.32
MUFA? 36.22°+0.65 ' 44.02°+0.65
PUFA® 20.91°+0.33 18.32°+0.33
Total 3 1.06+0.04 1.12£0.04
Total w6 19.85°+0.33 17.20°+0.33
Total 9 32.42°+0.54 38.23°+0.54

*® LS means with different superscript differ (P<.01)

¢ LS means with different superscript differ (P<.05)
! Standard error of LS means

? SFA= saturated fatty acid; MUFA= monounsaturated fatty acid; PUFA=
polyunsaturated fatty acid.
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3. a-Tocopherol ¥ seleniume] & 52 F
7 24 a -tocopherol &A% B4

Table 17 Al H7MF o] @l 2K FH=HE a-tocopherold] &
3 a-tocopheryl acetate?] EFHE YEIW ZFoln. 74 ¥ EF a-
tocopheryl acetate®] 3ol )§ a-tocopherol & o] tis) 1z FAH &
44 (P<0.01)°] AFHAUY. 7t¢4H e 25 o-tocopheryl aetate 50 IU/kg
feed (o]F 25 IU 7AI% B7]) A7MA FA7MF v 2dte FoFHA 2}o)
7 gl Reg Yyt 2371319 vludd a-tocopheryl acetate 100 TU 3
7 F 2§ EF FAFHQ Folst vEntod, steAdA 100 IU A7tFE
50 IU H7b79 Fo A Aol UM OF HIHA ZteddAE 400 U7
A a-tocopherol?] %3 Fo] {oFHeg Frlem, 4L 100 IUS 200
U 7oA s FaHA A7t AR Y 400 TU H7HA] frel¥ez F7t5
A 7ts23 ot a-tocopherol A F L tilide] £330 f BE A
o2 yeigen 2 Ay 4 a-tocopheryl acetated] AR/ FAE
7ts43 g4 Wl a-tocopherol A Fe] F/IARI FRI Aoz BoY
T A% ol @ ZAAE vFo2 a-tocopheryl acetated] HJt FAZAEL 4A
q B, @5 F7FA9A 400 U 9F A7zt 2 a4 dedEs HoluRAA
B AAdE st SU FAHFE 2AHAYE Ha: HPL a-
tocopheryl acetate 100 U 3 7}=ojof g},
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Table 17. Least-square means of « -tocopherol (ug/g tissue) in breast and thigh
muscles of broilers supplemented with 0, 50, 100, 200 or 400 IU q-tocopheryl
acetate/kg feed, respectively.

a -Tocopheryl Muscle
acetate Breast Thigh
CON 3.03°+0.81' 5.78°*1.10
50 3.92°+0.81 © 8.10°+1.10
100 5.61°+0.81 ' 11.59°+1.10
200 ' 8.00°+0.81 13.23°+1.10
400 10.37°£0.81 18.84°+1.10

' Least square mean+SEM

b4 Least square means within columns with no common superscripts differ
significantly (p<.05)

Table 18. Least-square means of a-tocopherol (ug/g tissue) in breast muscle of
broilers for the interaction of selenium with a-tocopheryl acetate treatments.

a -Tocopheryl acetate

Sodiur_n

selenite CON 50 100 200 400
SO 3.05° 4.10° 5.29° 518" 10.13°
S2 3.00° 3.73° 5.92° 10.83° 10.61°

Standard error of least-square means is 1.15.

b | east-square means with different superscripts significantly differ (p<.05)
CON : ali-rac- @ -tocopheryl acetate 10 IU/kg diet (basal diet)

50 . basal diet + all-rac- a -tocopheryl acetate 50 IU/kg diet

100 : basal diet + all-rac- @ -tocopheryl acetate 100 IU/kg diet

200 : basal diet + all-rac- @ -tocopheryl acetate 200 IU/kg diet

400 : basal diet + all-rac- a -tocopheryl acetate 400 IU/kg diet

S0 : sodium éeleﬁite 0.15 ppm (basal diet)

S2 : basal diet + sodium selenite 2 ppm
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7}&4e] a-tocopherol %2 #FL  a-tocopheryl acetate®} sodium selenite2] 282¢1

2EFLo] dish F9HQ 3 8p=0.0715)02 RATKTable 18). o] A3}E AW R A
a -tocopheryl acetate 0, 50, 100, 400 IU%| A= sodium selenite®] H7}3Fo] we} 7}
£4H9]  a-tocopherol & ko] J3FE BWo|x] FJOL}, a-tocopheryl acetate 200
U #7}A] sodium selenite 2 ppm #H7}Fo] wel 28U £ 5E  a-tocopherol &
Fo| sodium selenite FH7}7ol wla) AA Frtshe Aoz JEdT. 240 &
g F& a- tocopheryl acetate 400 IU 7,97}'_1"—4 a -tocopherol &2 %1} H]é:—v}
o2 yeht '&%13}7} 2= :

-Tocopherol.—] FoAHd] & TJ W a-tocopherole] ¥HFS =2FHF A
ol 2ol A "é“’qeakﬂ} #4713 e olamFatgo] thal 93 (p<0.05)<
ato) 7 1—}5})&‘4 =4 A 2193 a-tocopherol& AH7}FAE A7 F¥
Wz 9 50 IU A7b 3L v-4’—"l°‘ Aol JehtA @gtei} 100 IU, 200
IU 457}'7"9} ESER Z}°I% Bgov 400 U A7TANA -F’r-—]’—‘:]°§
1A & &SW a-tocopherol &3 3S JEITHTable 19). 521] 1093
ANFAT Aol 200 IU, 400 IU H7HA] F93Q zlolE HIYG.

a-Tocopherols] H7}4% 2 Fo71ke] 9@ 210 2AF9 W 100
e A7hFAAele B4 A 214 FY A ARE Jeuin, 200 US
HAME 4§ 2193 F4% 74“,’4:1.‘9} 1093 F4% AT Bl {93 A
o7t 9l Ae2 veht 200 U8 g-tocopherol FeiY Aol £A A
1093 Foshe Aol AR Ao YAk E£F 400 UL H71FE o
2% ¢ 1043 FAA e 200 IU A7H79 #Fo Y Zolg JEhiA &
on, 21%21 A48 A¢ 28U éz—‘l"‘z}“ﬂ frazez Frkste Reg Y
eEvrth dA7A 2 AanE 23 HIIEPA  a-tocopherol 400 TU FH7MALE
& £4 3 2197 FAY 34 28U e-tocopherols] HHF0) 14 Be R
o2 Jeigou A4S LAY A4 200 U AVMAEE =4 A 1092 7
oqg&te Aol 71} E&HA AR T&‘&%‘F}.
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Table 19. Least-square means of @ -tocopherol (xg/g tissue) in thigh muscle of
broilers for the interaction of supplemented duration with @ -tocopheryl acetate
treatments.

: ~ Supplemented duration
a -Tocopheryl ,

acetate. A B

CON 5.36° 6.20°
50 8.07° 7.94°
100 13.08° 7.98°
200 13.01° 13.48°
400 21.75° 16.02°

Standard error of least-square means is 1.31

%5 | east-square means with different superscripts significantly differ (p<.05)
A : broiler group fed a diet over last 21 days

B : broiler group fed a diet over last 10 days

CON : all-rac- a -tocopheryl acetate 10 mkg diet (basel diet)

50 : basal diet + all-rac- a -tocopheryl ‘ac'eta;‘e 50 IUkg di?t

100 : basal diet + all-rac- a -tocopheryl acetate 100 IU/kg diet

200 : basal diet + all-rac- a -tocopheryl acetate 200 IU/kg diet

400 : basal diet + all-rac- @ -tocopheryl acetate 400 IU/kg diet

. 254 selenium &g 4

Sodium selenite F7}F o] @& S selenium =Age ZAMY A 2
#Zd we #9937 Aole YEUA ggtchFigure 3). wEtA 2 ppme)
sodium selenite 7} TS selenium E2H ] 2 JF L zAE ?&1‘57;!_9.
2 wogch sA% d-tocopherol®] WAL T seleniume] wF 2ol
HuEn go] seleniume]” H@rtol & Ak € FU2HE LFAA AR
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€ a-tocopherol H7t¢E H FH7I0HY] Fx AL QA meEEojot
g Rolgt.

a-Tocopherol®] 7}l WE selenium FHFE £43 2o te]ae] 400 IU a-
tocopherol H7elld R OE 7 £ selenum SFAFS JElWon tgoz
200 TUS} q-tocopherol Y7}oll A} selenium®] ZFHZFo] FA elytth(Table
20). E§ F97e] BE 2S5 selenium SHFL v A gl
2193 FAF H#7 =4 A 1093 49§ AT o foyoz g
FHFE Ugio.

o] ZATelA 2 ppme] selenium Y7tE GEoZe ZKU FAHAFE &
gFoz FIHNNIAE X3y a-tocopherol®] J7t4E R FH7ITNH] 43
ZHgo o3 F23Q Ao)7t e Ao R dddy.

Selenium (pg/g muscle
O =2 NWHOOoO N

a-tocopheryl acetate (IU)

Figure 3. Concentrations of selenium (u g/g muscle) in thigh muscle of broiler
chicks.

S0 : sodium senenite 0.15 ppm (basal diet)
S2 : basal diet + sodium selenite 2 ppm

CON : all-rac- a -tocopheryl acetate 10 IU/kg diet (basal diet)
50 : basal diet + all-rac- a -tocopheryl acetate 50 IU/kg diet

100 : basal diet + all-rac- a -tocopheryl acetate 100 IU/kg diet
200 : basal diet + all-rac- a -tocopheryl acetate 200 IU/kg diet
400 : basal diet + all-rac- a -tocopheryl acetate 400 IU/kg diet



Table 20. Least-square. means of selenium ( u g/g muscle) in thigh muscle of

broilers.
Selenium concentration ( « g/g muscle)
‘ -- @ -tocophery] acetate supplementatfon—-
CON 3.82° + 0.36'
50 3.42° + 0.36
100 4.13® £ 036
200 4.68° + 0.36
400 5.84° + 0.36
--supplemented duration--
483" + 0.23
B 3.92° + 023

! Standard error of least-square means

B¢ Jeast square means within columns with no common superscripts differ

significantly (p<.001)
CON : all-rac- a -tocopheryl acetate 10 IU/kg diet (basal diet)
50 : basal diet + all-rac- a -tocopheryl acetate 50 IU/kg diet
100 : basal diet + all-rac- a -tocopheryl acetate 100 IU/kg diet
200 : basal diet + all-rac- a -tocopheryl acetate 200 IU/kg diet
400 : basal diet + all-rac- a -tocopheryl acetate 400 IU/kg diet
A : broiler group fed a diet over last 21 days

B : broiler group fed a diet over last 10 days



ool FAAE FHH RW B AF0)M AT  a-tocopheryl acetates}
sodium selenite®] H7}FFEL AL AlYA A & S FAE G AL
2 BrsRen, A £29 Z7h 9% JEFE YehiAE e A
2 gedt E£¥ o8¢ Fod IF 280 FHFE 33 23} 284
a -tocopherol9] & a-tdcopheryl acetate?) H7}5EH FA7)0d 93 9
g e Rog WEYUG. F/MIEE 209 FAT M TN 100
U 4% 2 1092 348 AATFNY 200 U F5Fo] o5 =54
a -tocopherol A o] {9HQA F7/1E BAh

Selenium¢] =73 & basal diét°]] 2 ppm®] sodium selenite oo o3 ZHF
9 Role YE Aoz HYrEYh T Folvizel BE vlmA 2197 FAY
7S 109 FA% Ao vla] #2220 2717} UATH EF o-tocopheryl acetate
o FrEFol 2718 A AP ZrkE oSVl FE ALl UE Ao
2 7= |

Webal o -tocopherole] W7}, seleniume) H7MEE, W7MAIEY FoiA
7k A5 ME UHE AVAE /IR Rz BUHN UEFY EE B
FHoz At A $4 2 AFY) YFE vINE Aoz WAL

fo |

4. A7HA EAC WE AwarEist SHUAHE AFE viAe IF

b AR E 53

Table 21& 7}44t3} thelate] TBA 7ho] th@d a-tocopheryl acetate] E#&
Uehd 02X F 2% 2% 129 $94(p<001)o] ARFH U st
o] 739 a-tocopheryl acetate 100 TU7ZX| 8] A7t FH 7ol vl&) ikst &
7t FR2s A JdeElYA gten 200 U H7EAC F9¥0 kst 237t

' Aoz yehygr. vhdd oo H$  «-tocopheryl acetate 100 IUE 3
VEA el wet FREF HlE FAHA P AUt AFHAUT JHF
o] F7tgol wet A3 AFdE o & Aoz Holyd FAHoE FAFHY



Aol 7b et okt olel @ Axle wehako] shE A Hl &) the) it
o Bo} MEAEI Ax EF Z{Y o-tocopherol EH FE rhEjdo] o @
7] WEQ Ao AEH & gloy 9o HJt & @& a-tocopherol &3
Z3 H5d A0S BYo2ZN 28U a-tocopherole] =G Z7lo) wE g
43 598 #§A¥ F AN

Table 21. Least square means of 2-thiobarbituric acid reactive substances (mg
malonaldehyde/kg) in breast and thigh muscles of broilers supplemented with 0,
50, 100, 200 or 400 IU « -tocopheryl acetate/kg feed., respectively.

Muscle
a -Tocopheryl -
acetate Breast Thigh
CON 0.49°+0.04' 0.55°+0.05
50 0.43®+0.04 0.48%°+0.05
100 0.42°10.04 0.42°+0.05
200 0.32™+0.04 0.35°+0.05
400 0.25°+0.04 . 0.31°+0.05

' Least square mean* SEM

*b¢ Jeast square means within columns with no common superscripts differ

significantly (p<.05)



Table 22 2} ARl tie]ae] TBA 7o i@ a-tocopheryl acetated] 43
od W& ExE Jed Aoz AF |, 3, 7 (p<0.05), 10, 12 (p<0.0NY 2 F
FrojAdo)l ARHAUTD. WF AR 790e FH/HFo v 3] a-tocopheryl acetate
100 IU A7FA) 3 48 237 e A2 YrrER s A% 10Y
de T ulE 50 U F7MFE Aozt e Re2 dEg. AP
o e e HAFY SHS HE FHNTY A AF 79004 109 A}
o] Atgl7t w2 A o]Fojxe Aoz YEYY 400 IU H7tAldle A 12d
dx 48 fa37 F& A2 P A9 A I YAAS 7 F
718 44 Ax2 d2lA Jedl o-tocopheryl acetates] Al M7} A}
AGE EAY £ e AR7IE A 74972 Hrigidd garst Ans
71 4 SIE a-tocopheryl acetated] H7LFE 100 IU o4 HlFodsior g
Aoz By

Table 22. Effects of a -tocopheryl acetate levels for 2-thiobarbituric acid reactive
substances (mg malonaldehyde/kg) in thigh muscle of broilers during storage.

a-Tocopheryl Storage (days)

acetate 1 3 7 - 10 12
CON 0.16°+0.01' 0.23°+0.02 0.47®°+0.07 0.92°+0.06 0.99°%0.07
50 0.12°£0.01 0.19°+0.02 0.58°+0.07 0.70°+0.06 0.83+0.07
100 0.12°+0.01 0.19®°+0.02 0.34*+0.07 0.68°£0.06 0.74%+0.07
200 0.10°£0.01 0.16°+0.02 0.29%+0.07 0.57+0.06 0.62°*+0.07
400 0.11°+£0.01 0.16°+0.02 0.28°+0.07 0.48%0.06 0.55°+0.07

' Least square mean= SEM
b Least square means within columns with no common superscripts differ
significantly (p<.05)

CON : vitamin E 10 IU/kg diet (basal diet)

50 : basal diet + all-rac- a -tocopheryl acetate 50 IU/kg diet

100 : basal diet + all-rac- a -tocophery! acetate 100 IU/kg diet

200 : basal diet + all-rac- a -tocopheryl acetate 200 IU/kg diet

400 : basal diet + all-rac- a -tocopheryl acetate 400 IU/kg diet



. AZF gd2HE A3ER £4

7tedd gy U Ed2HE A3ERAQ  25-hydroxycholesterol,
7-ketocholesterol, 7 8 -hydroxycholesterolz} ¢ 2] AH7tx] AsERAL 3
F ZY2H8 A EA W o -tocopheryl acetate] &AIE AAE =
Mg A3}E Table 23] YeNAT o7)A] 25-hydroxy-cholesterol2 E# A &
9] side-chain AF3}o] 9% A EAolm, 7T-ketocholesterol, 7 B -hydroxy-
cholesterol & E @ 26| &9 AF7)o] ALER AFE eIl 7-hydroperoxide
ZRE AA4E AgEold. .

t}e]ate] A9 qo-tocopheryl acetated] H7}4Z o] tls] 25-hydroxycholesterol
(p<0.05), 7-ketocholesterol (p<0.05), 7 B -hydroxycholesterol (p<0.01), ¥ Zj2H|
€ AHEEP<001) 2F FAAHYA #9490 AdAHA. 25-hydroxycholesterol ]
7§ a-tocopheryl acetate 400 TU FH7lAlo] AAJAAAN} FHE Aoz
B}y 0.9, 7-ketocholesterol®} 7 A -hydroxycholesterol- 100 IU H71A] AAAE 2 o]
dAE7]E Fev F944 Aol AU T-ketocholesterol S 400 TU H7LA), 78-
hydroxycholesterol& 200 TUE H7}31e o 2 A& @ F4gdol AR
HAc. & ZH2HE AspEZ dHAES 100 U F7HAlo) FRAE AR
FH7t e Aoz Jegten I ojide FEAMNE 4stERDY ¥4 A
€ FR&A Yeud.

7}&4te] 7% 25-hydroxycholesterol2 o -tocopheryl acetate?] A7} o
d F993U F3E=0.076) B Yo, 7-ketocholesterol (p<0.05), 7 8 -hydroxy-
cholesterol (p<0.01), & FH e & 4138 I (P<0.01) FAHQA FAeo]
A = %lt}. 7-ketocholesterol & 200 IU A7}A], 748 -hydroxycholesterol2 400 IU
A7HA e el gas Ayl dEEReY, & SH2HE AgER o
e 50 U Hrbsie FAZMFA W st &2ast gle Rez JE
wot. geldd slede] FH2HE AEAY] JFgS AMEE 25-hydroxy-
cholesterol® & Xo]l& UYelWA] A9k 7-ketocholesterols} 7 8 -hydroxy-
cholesterol, & Z2HE A4HEAL teddo] si&d Bt o 20 HHE
o] B& oz e g mE AJELEE 458 5 U



Table 23. Least square means of cholesterol oxidation products (. g/g) in breast
and thigh muscles of broilers fed diets supplemented with 0, 50, 100, 200 and 400
IU o -tocopheryl acetate/kg feed, respectively.

Cholesterol oxidation products

a -Tocopheryl

acetate 25-OH 7-Keto 78-OH Total
CON 1.70°+£0.37"  2.19°+0.56 6.81°t1.14 1121°%1.15
50 1.69°+037 - 2.14°+0.56 6.74°t1.14 10.58°t1.15

Thigh 100 1.60°+£037 124®+0.56 4.06°t1.14 6.90°*+1.15
200 1182038 101°£057 L1116 330°:1.17
400 0.63°+0.37 0.54°+0.56 098°+1.14 214°t1.15
CON 237+043 1381032 230°+053 6.06°+0.52
50 1.28+0.43 0.77°%032 1.58°+053 3.63°+0.52

Breast 100 1.06£0.43 0.88°+032 1.68°+0.53 ~3.62°+0.52
200 0.68+043 0383032 1.19%+053 222%+052
400 039+042 0.13°£031 0.78°+052 1.29°%+0.51

' Least square mean=*SEM

2%¢ Least square means within columns with no

common superscripts differ
significantly (p<.05) '

25-OH : 25-hydroxycholesterol

7-keto 7-ketochole§terol

78-OH : 7 B -hydroxycholesterol

total 25-hydroxycholesterol + 7-ketocholesterol +.7 8 -hydroxycholesterol



Table 24= Z#2HE A3E A th§ sodium selenite?] EHE YEl A
Ao 2 M 7-ketocholesterol, 7 A -hydroxycholesterol, & ZH2H & ASEA
g3l nEY 59 @PE<001)°] HZHU}. Sodium selenite 2 ppm H7}F+7}
T @710 "3 7-ketocholesterol, 7 8 -hydroxycholesterol# % Z#H2XHE
A8 gdol fogHer & Ao JEn FREY FAY AHRE B 4
WA o2 seleniume A E] FLY FHPEEC] A3 &4 T Fx
£ B33 849 glutathione peroixdase (GSH-Px)9] 74242 d2A e
o selenium& vitamin E2| &7 %S Z+AA|7]9 selenium vitamin E= 43} 3
MY ZRE HNERSE B33Es Aoz BIEth(Rotruck F, 1973). & A¥Y
ol A sodium selenite?] H7lFEod W& seleniume] 28U %3 E&:— Tr.4’£‘]°l
o7t fE Ae2 Yt d7h5ZEd e 25U 2P I gL R
2 BdEo] 3443 e di@ EEFaRV AX & AR dFHUY. E
g, TBA 7}¢] Ao A sodium selenited] A7tFFo wal F2HA o7t
guAe ggtod, ZH2HE AStEA ds s AA YEY ca-
tocopherol®] 343} &3 9o sodium selenitee] 34+3 REZAARE BZHY
F Ay

Table 24. Least square means of cholesterol oxidation products (g g/g) in breast

muscle of broilers fed diets supplemented with 0 (SO) and 2 ppm (S2) sodium

selenite.
. Cholesterol oxidation products
Sodium
selenite 25-OH 7-Keto 78 -OH:  Total
SO 1.47+0.27' 1.06°+0.20 2.06°+0.34 4,58°+0.33
S2 0.85+0.27 0.36°+0.20 0.95°+034-  2.15°+0.33

' Least square mean+ SEM

®® Least square means within columns with no common superscripts differ
significantly (p<.05)

7-keto : 7-ketocholesterol

78 -OH : 7 B -hydroxycholesterol

total : 25-hydroxycholesterol + 7-ketocholesterol + 7 A -hydroxycholesterol
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Table 25 thel4te] 74 -hydroxycholesterol AF8}E o)) tigt a-tocopheryl acetate
s} x-]ig;?-g e 289 wWEAE(p<0.05)2 YElA Aolt}. 73 -hydroxycholesterol
AELS AY 3Yole AEHA PR AR 1299 a-tocopheryl acetate 100
IU vigte] H7bFoA ASA YAHE ReZ ey E3] ¢ -tocopheryl
acetateE 200 TU o)A H7FsA A& 1087+A) 7 B-hydroxycholesterolo] 7 & 5] ]
axom A 1299 ASEE 100 IU v|gte] Hrl7o] Hs) FAA FL A
A¥E B

Table 25. Least-square means of 7 8 -hydroxycholesterol in thigh muscle of broilers
for the interaction of storage (days) with a-tocopheryl acetate treatments.

Storage (days)

« -Tocopheryl

acetate 3 7 10 12
CON ND 1.41° 1.36° 19.01°
50 ND 4.11° 5.41° 17.46°
100 ND 0.31° 0.62° 15.32°
200 ND ND ND 4.43°
400 ND ND ND 3.92°

Standard error of least-square means is 2.28

*® Least-square means with different superscripts significantly differ (p<05)
ND : not detected

CON : vitamin E 10 IU/kg diet (basal diet)

50 : basal diet + all-rac- a -tocopheryl acetate 50 IU/kg diet

100 : basal diet + all-rac- a -tocopheryl acetate 100 [U/kg diet
200 : basal diet + all-rac- a -tocopheryl acetate 200 IU/kg diet
400 : basal diet + all-rac- a -tocopheryl acetate 400 IU/kg diet



Table 262 tje|&e] & Ze2HE d3tE Ao It a-tocopheryl acetate
g AFY % 289 BEFEE00DE Uetbd Reoldh o] Az Auuw
A% 7, 1090 a-tocopheryl acetate 100 IU oj4 HIIFHA & ZH2HE A
38 Aol ¥e Aoz Yeuy #9434 o)t g FAHA Aole
A% 12979 a-tocopheryl acetate 100 TU n]ghe] H7}FolA A Fo] §9
Hoeg & Ao A&HUG wdd AP 12949 200 U o4 F7tFe
Agde Aol me vid gHME Foiydo] ARHA gted o B
LA 27] HEQ AR @Y

Table 26. Least-square means of total cholesterol oxidation products in thigh muscle
of broilers for the interaction of storage (days) with @ -tocopheryl acetate treatments.

Storage (days)

a -Tocopheryl

acetate 3 7 10 12
CON 0.74° 504 - 523 33.68°

50 0.45° 5.28° 8.03° 28.56"

100 0.19° 1.93° 2.32° 23.15°
200 0.23° 1.03° 1.04° 10.92°
400 ND 0.64° 0.42° 7.52°

Standard error of least-square means is 2.29

*® Least-square means with different superscripts significantly differ (p<05)
ND : not detected

CON : vitamin E 10 IU/kg diet (basal diet)

50 : basal diet + all-rac- a -tocopheryl acetate 50 IU/kg diet

100 : basal diet + all-rac- a -tocopheryl acetate 100 IU/kg diet
200 : basal diet + all-rac- @ -tocopheryl acetate 200 IU/kg diet

400 : basal diet + all-rac- o -tocopheryl acetate 400 IU/kg diet
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Table 27& 7}&Ate] 7-ketocholesterol 418} A Eo} W § o -tocopheryl
acetate®} AF Y e 289 TIFAL(P<0.01)E UYEIE RoZH AF 109
F 37179 7T-ketocholesterol A Eo] © ®o] AAHY AT Lo AU
Aole ggich wdol A 12YelE FAHFS ulmA  a-tocopheryl
acetate®] H7}7E FY4HA A dA EFE UYegRoy 50, 100 IU o) &
gAY FAole YEUA  FATh 200 U FHsFe AR TIAA
7-ketocholesterol A &¢] A& HA Fkon AA 4P a3 gaes F
Ao 2 Ydepgon 400 IU A7tte AL o] & Hlao] o3iA
oAl o)k vehutA] g3k 100 U wt F2h7el A% 109 Ae)
FoHA ateol7b gle Aoz Ho 43 AAHE JAl EFHVE Hold AL
AU

oK e

Table  27. Least-square means of 7-ketocholesterol in breast muscle of broilers for

the interaction of storage (days) with ~a -tocopheryl acetate treatments.

‘ Storage (days
a -Tocopheryl ge (days)

acetate 3 7 10 12
CON ND ND 0.35° 5.17°
- 50 ND ND 0.11° 2.96™
100 ND ND 0.15° 3.52%
200 ND ND ND 1.50*
400 ND 0.01° 0.03" 0.47"

Standard error of least-square means is 0.62 ‘

abed | pact-square means with different superscripts significantly differ (p<.05)
ND : not detected

CON : vitamin E 10 IU/kg diet (basal diet)

50 : basal diet + all-rac- a -tocopheryl acetate 50 IU/kg diet

100 : basal diet + all-rac- a -tocopheryl acetate 100 TU/kg diet

200 : basal diet + all-rac- a -tocopheryl acetate 200 IU/kg diet

400 : basal diet + all-rac- a -tocophery! acetate 400 IU/kg diet
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Table 288 7}&4re] & 2 2HE A8} AAEo] tidt a-tocopheryl acetates}
AGY el 289 REFE(P<.0DNE JYeEbd RozZH, AR 7, 1049 HJ}
F&9 Frbd we A8t APELS Wl A T FAHLS AFHAA FR2 A
Z 1290l 50, 100 IU H7HF IRk {Fo A Aol YAE # YA A
b Zrelle FEE zolE JE .

AZY Aol we sieAs dede FY2HE AHELN ¥ o-
tocopheryl acetate &9 AAE FTYHEHE U a-tocopheryl acetate’} 100
U oj4 #H7EA AF 74979 ZEH2HE A3t YPEFL AR gL A
o2 HrtEo] o] 7|ARANY FEL EFHoz Frd o -tocopheryl acetate
100 IU drtgoz st a#4E o= AT 7|dE + & Aoz A4
U, 49 AN nAste FIFE P43 aAE JdEy] A” a-
tocopheryl acetate®] HA H71ge 200 [UZ @d gt

Table 28. Least-square means of total cholesterol oxidation products in breast muscle
of broilers for the interaction of storage (days) with a-togophexyl acetate treatments.

a -Tocopheryl Storage (days)

acetate 3 7 - 10 12

CON ND 0.88"° 227% 21.06°
50 0.03° 0.75° 1.19° 12.55¢
100 ND 0.26" 0.70° 13.54°
200 ND 0.18 0.38° 8.33°
400 ND 0.01° 0.22° . 495

Standard error of least-square means is 1.02

abede | east-square means with different superscripts significantly differ (p<05)
ND : not detected

CON : vitamin E 10 IU/kg diet (basal diet)

50 : basal diet + all-rac- a -tocopheryl acetate 50 [U/kg diet

100 : basal diet + all-rac- a -tocopheryl acetate 100 IU/kg diet

200 : basal diet + all-rac- @ -tocopheryl acetate 200 IU/kg diet

400 : basal diet + all-rac- a -tocopheryl acetate 400 IU/kg diet
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AZ¥L7 FHsA a-tocopheryl acetate?] A3} AAE Fydd RoE H
ZhE oy ol9e] B APe] MAd ¥ a-tocopheryl acetate®} sodium
selenite 7t9] 28Q1 B Lo T {Fo/do] AQFEHA &ot F HMA e
APAQA A Ao Y FAE AWE FE AU

Table 29 7}454H2] 7-ketocholesterol 4F3}&-o] 3§t sodium selenitee} A #Y
e 289 I FEE<0.0DA dig ZFHAE YEUJASD AHF 10, 129
sodium selenite 2 ppm H7}7E7} FH7 o vla) FAHA FiA3 a7 e
Ro 2 fddn. vido ARr|om vwdA itst EHAsF o FL& 2
ppm AT 10, 129 AFHE FYHo2 o7t vely HF 10~129 Alo)
ol 7h&4e ASE Aol WEA o]FoJXe Aoz AYZY £ .

Table 29. Least-square means of 7-ketocholesterol in breast muscle of broilers for

the interaction of storage (days) with sodium selenite treatments.

Storage (days)

Sodium _

selenite 3 7 10 12
S0 ND ND 0.12° 4.10°
S2 ND ND 0.08° 1.35°

Standard error of least-square means is 0.39

ah¢ | east-square means with different superscripts significantly differ (p<.05)
ND : not detected

SO : sodium selenite 0.15 ppm (basal diet)

S2 : basal diet + sodium selenite 2 ppm



Table 302 7}&4re] 78 -hydroxycholesterol A+3} AJAJ 2o 3§t sodium selenite
o AFY el 289 T FHEL Yeld RO ZH T-ketocholesterold} v}E7bA 2
1= FYA((P<0.01)e) A= Uc}. 74 -hydroxycholesterols] ¥ A= 10~12
d Aol AbstE o] Ago] w2 AYH: Ao AR £ glon AF 129
ol sodium selenite 2 ppm H7}7o] PAtst A7 TH T vlE FL Aoz
YEbst ot

Table 30. Least-square means of 7 A -hydroxycholesterol in breast muscle of broilers

for the interaction of storage (days) with sodium selenite treatments.

Storage (days)

Sodium

selenite 3 7 10 12
SO ND 0.27° ND 7.96°
S2 ND ND 0.19° 3.60°

Standard error of least-square means is 0.66

% Least-square means with different superscripts significantly differ (p<05)
ND : not detected

SO : sodium selenite 0.15 ppm (basal diet)

S2 : basal diet + sodium selenite 2 ppm
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Table 312 7l&4e] & Ee2HE A& oI sodium selenitest A3 Y
e 289 Ei’i}%(p<0-91)% Uebd Rolt sisfe ASE AR Ay 2
< A E Holx lov JtesAy AS AsE AL 10~12Y Aol w2
A AYSE Ho2 @YY + ot Sodium selenites] AIHE A 7, 1080
E A Aot UEA oy AP 2YUdE TR By Ans
ettt olfjel = thE]4he] 79 sodium selenites} A FY te] 289 nEF
£ dFd F93FA Aole ANy AF 120 78-hydroxycholesterold} 3
S 2 E A2 Ao 3§ sodium selenite®] main effects= 822 (p<0.05)0.2 3
st 2t gle Aoz AREHJUD ojdd AAE v|Fo] B o sodium selenite
2 ppm AlE H7MESGE SYH2HE AEF A A4 ATt FIHF A
2 3ag 4 o

Table 31. Least-square means of total cholesterol oxidation products in breast muscle

of broilers for the interaction of storage (days) with sodium selenite treatments.

Storage (days)

Sodium i

selenite 3 7 10 12
SO ND 0.70° 1.09° 16.52°
S2 0.01° 0.13* 0.82° 7.66°

Standard error of least-square means is 0.65

¢ | east-square means with different superscripts significantly differ (p<.05)
ND : not detected

SO : sodium selenite 0.15 ppm (basal diet)

S2 : basal diet + sodium selenite 2 ppm



Table 32 t}e]4te] 25-hydroxycholesterol AMstEo] i FA7108 AZY 3t
9] 2891 23 2E(p<0.01)S el Azjolr). o] AE AWEE Fr] 21U L
357 ¢ HAMAE F49¢ 25 &5+d 109 §<¢ HHAE A% 2§ T
A% 1047t = W@ Fo3A Aol YA ggtoy A 12dde A7)
el A7 F% It HIHAIS F59 #A8lo] 25-hydroxycholesterol b}
2 44e FoHoz JAs: Aoz WiHA. |

Table 32. Least-square means of 25-hydroxycholesterol in thigh muscle of broilers for
the interaction of storage (days) with supplemented duration treatments.

Supplemented duration

Storgge A B
3 0.30° 0.33*
7 0.60° 0.62°
10 0.81° 0.55°
12 3.09° 6.09°

Standard error of least-square means is 0.47
" | east-square means with different superscripts significantly differ (p<05)
A : broiler group fed a diet over last 21 days

B : broiler group fed a diet over last 10 days
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5.2 AsbeAo 4E §A% AP
7). A% &4

Table 33& a-tocopheryl acetate H 7} o] §t 7]—%{1%94 35 & Yeld
A2 A% 1, 104 FAF FA4(<0.05)°] AFHATG. A 14o=
F3H7t+9 u)i2d e  a-tocopheryl acetate’} H7tE FolAME FogFHoez o
wede ushis Aoz Jsgew, A% 1040 FANTFY o
tocopheryl acetate 50 IU 37} vl 100 IU o)A A7/t FA 957t &3
o2 st =3, HAge] Wtz 45 ¥ u g-tocopheryl acetate 100 IU o]
4 MR F9 §40] ¢ AdAHY FAE Role Aoz BAEIU.

Table 33. Effects of o -tocopheryl acetate levels for CIE L' in breast muscle of

broilers during storage.

Storage (days)
a -Tocopheryl & Y

acetate 1 3 7 10 12
CON 51.57°+£0.99' 55.80+0.59 55.34%0.59 52.93+0.65 52.97+1.00

50 55.32°£0.99 56.07+0.59 56.13£0.59 51.84°+0.65 52.48+1.00
100 56.71°£0.99 56.53+0.59 56.37+0.59 54.38°+0.65 55.64+1.00
200 55.12°+0.99 55.94+0.59 55.77+0.59 54.03°+0.65 53.61%1.00
400 55.98°+0.99 56.09+0.59 5623+0.59 54.64°+£0.65 53.36+1.00

' Least square mean* SEM

** Least square means within columns with no common superscripts differ
significantly (p<.05)

CON : all-rac- a -tocopheryl acetate 10 IU/kg diet (basal diet)
50 : basal diet + all-rac- a -tocopheryl acetate 50 IU/kg diet

100 : basal diet + all-rac- a -tocopheryl acetate 100 IU/kg diet
200 : basal diet + all-rac- a -tocopheryl acetate 200 IU/kg diet
400 : basal diet + all-rac- a -tocopheryl acetate 400 IU/kg diet
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Table 34= sodium selenite?] H7}5-Fo] W& PYEE Jeld Aoz H AR
743 1049 #F2AHA 2e](p<0.05)7t YEbgth AP 793 109 2 ppm H
Zb77E B3 M) vlE 4 Re g BEied 28U 2AHHE selenium
&9 Aol7t 2A ot FE FYHA zojo] tiF ol T AAE {3}
= o3 Aoz #dHRUG '

Table 34. Effects of sodium selnite levels for CIE L' in breast muscle of broilers

during storage.

Sodium Storage (days)

selenite 1 3 Vi 10 12

SO 54.89+0.63' 56.55+£0.37 56.59°+0.37 54.16°£0.41 53.63+0.63

S2 54.98+0.63 55.62+0.37 55.35°+£0.37 52.95°+041 53.59+0.63

! Least square mean* SEM

** Least square means within columns with no common superscripts  differ
| significantly (p<.05)

SO : sodium selenite 0.15 ppm (basal diet)

S2 : basal diet + sodium selenite 2 ppm

Table 35= 7}&4te] A M) 3§ sodium seleniteo iﬂ}é el Aoz
A AR 1249 FYHA A0)(p0.05)E ERAth 2 AFLNA  sodium
selenite 2 ppm F7t7E HYE7F & AoZ YElgoer YR tz24
Z Agdel HEgol 2 ppm AT dAHoz & £X& e,



Table 35. Effects of sodium selenite levels CIE a in breast muscle of broilers

during storage.

Sodium Storage (days)

selenite 1 3 7 10 12

S0 8.10£0.24'" 7.41+0.19 7.78+0.18 8.12+020  7.63°+0.13

52 8431024 7.61+0.19 821%0.18 8421020 8.07°+0.13

' Least square mean + SEM

*> Least square means within columns with no common superscripts  differ

significantly (p<.05)
SO : sodium selenite 0.15 ppm (basal diet)

S2 : basal diet + sodium selenite 2 ppm

Table‘36‘% a -tocopheryl acetate A7tE g Jts4d FATE e
A2 AR T4(E<0.05 TAA Fo4o] AFHAUL. o] dHE Hnud
a -tocopheryl acetate 200 IU A7} 771 FH7/F 7Y & AT vs ¥ gt
¢ #E Aoz Uiy By Wz 4NHE o ouy 2 ENL ®
M7 e oale Aoz Ads .
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Table 36. Effects of «-tocopheryl acetate levels for CIE b™ in breast muscle of

broilers during storage.

Storage (da;
a~Tocopheryl ge (days)

acetate 1 3 7 10 12

CON 15.65+0.57' 17.37£0.40 17.98°+029 17.3240.43 17.04+0.55

50 17.29+0.57 16.74£0.40 17.32°+£0.29 16.41£0.43 16.98+0.55
100 16.53£0.57 17.38+£0.40 17.70°+0.29 17.39+0.43 17.91+0.55
200 17.11£0.57 17.16£0.40 16.79°£0.29 17.26+0.43 16.99+0.55
400 17.19£0.57 16.96+0.40 17.79°£0.29 17.14+£0.43 17.05+0.55

' Least square mean=* SEM
** Least square means within columns with no common superscripts differ
significantly (p<.05)

CON : all-rac- a -tocopheryl acetate 10 IUrkg diet (basal diet)

50 : basal diet + all-rac- a -tocopheryl acetate 50 IU/kg diet

100 : basal diet + all-rac- a -tocopheryl acetate 100 IU/kg diet

200 : basal diet + all-rac- o -tocopheryl acetate 200 IU/kg diet

400 : basal diet + all-rac- a -tocopheryl acetate 400 IU/kg diet

1. A&% metmyoglobin %3 3}

A4712ke] WE 44 ZWE 24F metmyoglobin contente] Tal -
tocopheryl acetates] ¥715Zol wal A 7o) HolHel ol (p<0.05)7t e}
WTHTable 37). o] ATE 919 FAxe e} BANNZ A% 190] o-
tocopheryl acetate 200 TU H7l¢] ZWslyl 713 L& Aoz Add 4 9o
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9o Baay] oz FAx Ao vxd ARE Yyehdd ASe BEd
T e ud sA&EAdA AFIe) Wt 2 Wgatelst A A
A FFe ©E AT E JlUtFoY, o EHL AFr|el o
AYPo] wet FRF SAL RolAE AP EF, ALY 4 g A
Al ASE AWE w sleae] KA AL BAHA FoA FHolst
AZY 2o s} go) vEhtont, trelate] A4 AstAY £Fo 0E &
vk Aol AFe] BE EA FolA o) g F9HA Holg B
FE2L AZHA FRT WP IRT YT BolA @ol ArtA FF4
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Table 37. Effects of a -tocopheryl acetate levels for metmyoglobin contents in

breast muscle of broilers during storage.

Storage (days
a -Tocopheryl ge (days)

acetate 1 3 7 10 12

CON 38.80+1.52' 36.731£1.54 49.35°+1.60 45.241+1.08 42.75%+1.66

50 41.11£1.52 37.67t1.54 47.56°+1.60 46.09+1.08 42.21+1.66
100 38.78+1.52 37.04t1.54 47.35°+1.60 44.75£1.08 45.53%1.66
200 40.49+1.52 36.41+1.54 42.78°+1.60 47.77+1.08 40.31%1.66
400 41.09+1.52 37.39%1.54 4557°+1.60 46.79+1.08 42.75+1.66

' Least square mean+SEM

*® Least square means within columns with no common superscripts differ
significantly (p<.05)

CON : all-rac- a -tocopheryl acetate 10 IU/kg diet (basal diet)

50 : basal diet + all-rac- a -tocopheryl acetate 50 IU/kg diet

100 : basal diet + all-rac- @ -tocopheryl acetate 100 IU/kg diet

200 : basal diet + all-rac- a -tocopheryl acetate 200 IU/kg diet

400 : basal diet + all-rac- a -tocopheryl acetate 400 IU/kg diet
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a-Tocopherol®] H7}4:Zo] WE 28U metmyoglobin FFE 2F@ Aw
gl A A A 796 F98 AHp=0.06552 K cHFigure 4). HFo]
71845 metmyoglobin®] o) Fojute Hol BAHW AF 77U 200
9 400 TUS} ¢ -tocopherold A7ZFF AT AT7t g2 A TFo) vis) ge
metmyoglobin ¥ UEMT. WA a-tocopherols] FispHgo] o
metmyoglobin JAENE 1= FE JUY & Y& Ao BIHY AR
o] EolUdHA ol89 s} A&FHolA Fe o Yeht AMHo=
2G2S i APE BHHVE @ RoZ Pk
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Figure 4. Effects of a-tocopheryl acetate levels for metmyoglobin contents(%) in
breast muscle of broilers during‘ storage.

CON : all-rac- a -tocopheryl acetate 10 IU/kg diet (basal diet)

50 : basal diet + aIl-i-ac-&-tocopheryl acetate 50 IU/kg diet

100 : basal diet + all-rac- o -tocopheryl acetate 100 IU/kg diet

200 : basal diet + all-rac- a -tocopheryl acetate 200 IU/kg diet

400 : basal diet + all-rac- a -tocopheryl acetate 400 IU/kg diet

103.



6. ZadA ¥4

A4}, @ -tocopherol, cholesterol §3F, A|WAF 241323 TBA value 2L o]&
sl Z+ P2 o] FRBAES WA v)o)El(Table 38), the) 2§ d)o]El(Table 39),
7}&24 do|El(Table 40)2 B3t ZAFSgh

AA wlojHoN HTHEE FHAEE FEE Aol A 24 ¥=23
HRy & Auude Jehidey TBASE Fud ez Hrimof
malonaldehydet} hydroperoxides] o8] RAs|: uHilsiel SH2HE F3e
gAE tug Aoz 448U £ 2% dolgu &2 HojHR 2
gote] ZAMG Aol AA dlolgdlA Hold A@wA vhH @A PojxA
U ge 2oz dewt FuaHE g3¥ngs Sd2HE Aszae 2ys
o Auatstsl BHAHE AFEEE FHSE Ho) UHolg: HIHE &A o
A3, AYHFE vlA/IAE TBASHE A9 2@F Aoz Hrise] 28y Ay
o] mE Auaisiste #A EAHL € 4 AU

vhHo] TBAS}H a-tocopherol 3% &= Al dlo)gldlxe Ro AudH
(=50, p<ODRTHE TheiulolE W] FBAA(=68, p<Ol st&dlolE el
A BA(G=86, p<Ol)7t L Roz veh} ALYl a- tocopherole] Hrlo] ¢
& a8 5o Ao A ¥ 4+ AU AN 24 FES AP J2
el A2 #ASE B2 o FRBAT BA JEGS B O #2349 ow
Eolgdg ol 4 ok

U ARerE SY20E §F 2ARS ol FIARNES ANE B
o 2l AEEE £33 Wold o T g AFTI BopR=42) B
Ao] Brlsfen FY2HE §F AR o 2ARML UL o8 ¥
AAstE s s FARALS AAH A3 F9H2 xolg YehlA Ko} 4
BaA s vpAIAE SY2HE FFo g APAETY AAE e A
o2 sk Aoz oz FAstd €A TBA 72 Hrigs xwars
259 PASE 2ACTME a-tocopherol FFS BA BThe Roz Brig
% Aok
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Table 38. Correlation coefficients among fat, «-tocopherol, cholesterol, TBA value

and fatty acid composition in thigh and breast muscles of broiler chicks

Fa TOC TBA Cl60 CI80 Cl&1 CI82 CI83 Q04 C40 SFA’ MFA' PUFA' TW3® TWes TW9?

o .o . . . o

CHOL® 65 5" 18 3 61" 713 -15 0 .1 -7

B -68 A8 -69%* 740

Fat: 57 18 9 o507 627 -18 537 o517 o610 19 627 -8 06 -S5T 610
TOC -500 20 317 497 .14 " 37 35 -2 4T 3 o 37 4w
TBA : 2 .06 0 12 8 .12 -n -0 8 -0 -7 -9 @
Cl6:0 17607 -0 31 .45 -MT 6T 59T -0 13 -3¢ G0
C130 LS S - S S S 2 S S - L B
cis:! 221 687 -89 o887 .15 97 -81T 07 -81s g9
cis2 2100310 3% 20 -2 6 -4 6 .n
C183 B+ X ) W ) WY | N -« -
204 " 35 " & .9 90 .39
C24:0 35 -89 8T -19 g5 g3
SFA 6 4 0 M .M
MUFA -&8° 03 -3 99
PUFA -5 9 gl
™3 -6 08
TW6 -81%e

a -tocopherol, ? saturated fatty acid, > monounsaturated fatty acid, * polyunsaturated
fatty acid, 5 total @3, © total w6, ’ total w9, ® cholesterol

" p<0.05, ” p<0.01
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Table 39. Correlation coefficients among fat, a-tocopherol, TBA value, cholesterol
and fatty acid composition in thigh muscles of broiler chicks.

Fa TOC' TBA ClI60 Ci&0 Cl181 CI82 CI83 C20:4 C24:0 SFAZ MUFA’ PUFA' TW3 TWe® Two'
CHOL® 44 42 -20 02 -28 .12 08 32 -22 -08 -18 .10 -03 05 -04 .1l
Fat 48" -52° 31 -22 34 -32 34 -39 -38 .03 28 -41  -13 -40 29
TOC -68” 11 -28 37 -17 30 -27 -21 -16 32 -28  -18 26 .35
TBA -27 20 -43 32 -35 40 38 01 -3¢ 41 -2 42 -3
C16:0 232 56 -127 36 -757 .69 527 65T 817 09 -85 617
C180 80" 15 -38 76" 61" &" -19" 46 02 4T 18"
Ci8:1 -54" 29 87" -8 .32 94" 80" 21 .79 967
C1s2 019 49" 64" .37 -5 90" 15 90" -56"
C183 -62" 225 04 27 13 27 .17 30
C20:4 8" o1 -8 79" .01 81" -8
C24:0 09 -8 85" 26 83" -85
SFA -23 .18 20 21 -25
MUFA -83" 81 -7 99"
PUFA 24 99" 8"
™3 0 -1
TW6 -81”

1

fatty acid, * total w3, ¢ total w6, 7 total w9, ¥ cholesterol

* p<0.05, *

* p<0.01
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Table 40. Correlation coefficients among fat, «-tocopherol, cholesterol, TBA value
and fatty acid composition in breast muscles of broiler chicks.

Fa TOC' TBA CI60 CI80 CIg1 CI82 CI83 C20:4 C4:0 SFA? MUFA® PUFA' TW3® TWe M’
CHOL' 26 40 -20 -12 -53° 39 -59" 30 -51" -51" -43 43 .63" 20 -.és" 40
Fat 20 -34 -07 -41 43 04 11 -31 -42 -32 44 -31 25 .21 43
TOC 837 03 .23 44 -04 21 .17 -9 -10 40 -1 2 -4 44
TBA -18 09 -40 -10 -10 03 A1 -01 -35 -09 -25 -05 -40
Cl6:0 1745 28 10 -4 -1 81 42 19 07 U8 45
C18:0 -64" 35 .64 87" 84" 70" .70" 16" .07 76" 65"
Cis:1 -06 30 -757 687 .05 99" .55 01 .54 99"
C18:2 -24 36 26 41 -10 737 31 16 .06
C183 6717 597 .45 35 .43 s0° .50 32
C20:4 8" a4 .g0” & .17 8" .
C24:0 T A 7 A, | S [ -
SFA -1 60 .02 59" -05
MUFA -60" -60° 997
PUFA -0 9" .56
™3 16 02
TW6 -55

a -tocopherol, ? saturated fatty acid, > monounsaturated fatty acid, * polyunsaturated
fatty acid, 5 total w3, ¢ total w6, 7 total w9, ® cholesterol

' p<0.05, ** p<0.01
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4% Mo ARE 2R AY 17 09 Ao YZsted GFE AYS
HAE A% 28U a-tocopherole] FHF Frket To] GE ARY Aol h
A3t BoE A3 A £ Utk 4P I, O, e T3 713 a4
o-tocopherol®] AFEL] A7FFE 400 IUkg 2= AL HEE 4 AL 73 A
AR B ERE A7) YEAE 100 U o} 3& Hrtslojol doke e B
A8 4 Atk £ vitamin E TG 6F, 3F, 1092 AY 28] dH B
Mg A% Frige] Azbb 2 BHRA b3 FAAT 109 Wl dHME

37} Bejxx) e Aoz s
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A5 A Y e Y FAaS AP @I V)

1L AgAEY

~ a-tocopheryl acetate®] M7} ¥ selenium®] H7}7t ALY wAe AFAE
ZA7] Q8] EAE, AL AIRES S BAT A9 4 FoAFEd o
8 FAFHOE o Ao](p<0.05)= YEIYA gttt FAFH ABHAFES
ZAZ ARES S E4F A sclenium®] F YIIEE] @E ztol7h vdeh
A ko v(Figure 5), a-tocopherol FHFFo] W& AlZAEE QA o7t Y
EbtR] 2 tchFigure 6). ol2id A#Z & o A9 I, O, M Ade =i
7}A 2 sodium selenite 2 ppme] M7} } a-tocopheryl acetate 400 IU/kg7}A] &)
A7V SAY A FA GAAE YEA ¥ A2z ged A

1~7  7~14 14~21 21~32 32~42
: iy

Figure 5. Feed efficiency of broiler chicks fed diets supplemented with 0 and 2

ppm sodium selenite.

SO : sodium selenite 0.15 ppm (basal diet)

S2 : basal diet + sodium selenite 2 ppm
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Figure 6. Feed efficiency of broiler chicks fed a control (10 IU a-tocopheryl
acetate) diet (CON) or with supplementations of 50, 100, 200 and 400 IU all-rac-
@ -tocopheryl acetate’kg feed, respectively.

CON : all-rac- a -tocopheryl acetate 10 IU/kg diet (basal diet)
50 : basal diet + all-rac- a -tocopheryl acetate 50 IU/kg diet

100 : basal diet + all-rac- a -tocopheryl acetate 100 IU/kg diet
200 : basal diet + all-rac- a -tocopheryl acetate 200 IU/kg diet
400 : basal diet + all-rac- a -tocophery!l acetate 400 IU/kg diet

2. IEYe) g AlSe AAAY Yot
7}. 72X ¥ 2 2] head space ?7]_71:*5‘ 2y

A% AFY 2Ae 9% AHH TAYY 4RPE 98 VEXY, 52
£%, MAPI, MAP29] 47}x] ZHRAE o83 A2 2 A% 94 2 =
B0 vxNE AHE BASFH

7h2X B X head space F7IRAL BAF ATE Figure 74 JEIRR
th. MAP1S) ¢ AFXA ¥ 100% F427128 SFstgon, MAP2Y Wy
& AFTF F A27}E 0%} o] AHBA 20%E THE EUsLAE 228
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Ack. 24 T AR ©E TAA U BTrZAY WHS EAS] 98
olustgae ¥FE SHstel YSTh MAPIGINE 7] o|dseris
FE7E o 02% FELE UEReH AR @} gzhe) F74E Rf{ou
A% 24Ul E 4%E A ZHET. MAP2 FHANE 27] 20% FFAN A
o] ute} Zkstel Ag 4A7A oF 7% F7HE U 58 F £
W ZF A3 6UolM 129 Alole) olastgd bt $43A AY
(=0072)¢ B o] FIAFdd] sh2FEY Wast HTh U Aoz Y}
.

@ -Tocopherol®] H7}4ZF 3 selenium ) %7}-?%@] mE Jt2Exe WIE
249 A% 2 Aol B2 $989 Fole YA F3io
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Figure 7. Carbon dioxide concentration in modified atmosphere package.
MAPI! : Nz 100%
MAP2 : N, 80% + CO, 20%
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Y. 37+

47HA 2gAe] mE I[FE YA R EHF A% AR 64 129
o $AZHLE FF AolE UElWlti(Table 41). A7 649 A4E A JFE
Z ATAM 71 B #FE B2 HE.001), dgee £5XF ATt
ol B2 ez UeNY tEARERFY Fole F Y EF MR Be
ZEFS BAon F Pdde FAHA ot veA sttt A% 1249
Ao ATER, IR, JIEXNBER €02 o] B AHAE Yel 6
Aol A} FAY FEE BA 23 AHE FH3 & o AFEAHo|Y F
SXR W3 Ft=N@EPPYPo] T F FFo] L FHE /A Rez @
g

Table 41. Least-square means of purge loss (%) of broilers among treatments during

storage.
Storage (days)

Treatments 6" 12" 18 24
3.83° 4.66° 5.07 527
MAPI 0.25)' (0.24) 0.27) (0.38)
4.43° 5.00® 5.52 5.33
MAP2 (0.25) (0.24) (0.27) (0.38)

b b

SHR 5.15 5.61 572 5.83
(0.25) 0.24) 0.27) (0.38)

5.85° 6.56° 5.75 5.82
VAC (0.25) (0.24) 0.27) (0.38)

! Standard error of least-square means _
abe | east square means within columns with no common superscripts differ
significantly (p<.001)

MAPI : modified atmosphere package (N> 100%)

MAP2 : modified atmosphere package (N2 : CO; = 80 : 20)

SHR : shrinkage package

VAC : vacuum package
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2 TRgael me AFYS W] del AU B2 TAPE ol 34
F5E 24 2% AYT Lol 2ol UrhhA 4tk nAE AAEA7} 2
S Aoz dAEUY 20% olusteasl WY MAR2 E3e| 3¢ ThE Ty
gol Hla) $AFORE Re TS REoU FANY Fo4e W3 B3
o. -

Table 428 2 EAHA0] BE FAZ5e] WE ARYl B2t Ysd 23
ot 47hx ERWA EE AR 6UolN U7X FAIFE I #HY
Ajolg Ve Sskth. S8 WITAD MAR2 R B¢ A% 1293 18Q
o FAZF QIE FHY Folg HolA gol e T TR us) §A
29 AASEr} =d A0S WUHAY, TPPHel g undH 2 Folg
wolAl o} BT NAE AAAHE YEdtn BeEle YE Rz 4%
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Table 42. Least-square means of total aerobic bacterial counts (CFU/cm®) of broilers

among treatments during storage.

Storage (days)

Treatments 6 12 18 24

MAPI® 12X 10““‘l 27X 10‘: : 1.5% 1054b 1.4 ¥ 10“5c

, (0.7x10% (12x10% (22x10% (22x10%
MAPZ'I 3.7x10* 2.6 10*° 1.1x10%® 1.4x10%
(1.8 10% (1.8%10% (1.8%10% (1.8% 10%)

SHR' 5.5%x10% 2.7x10% 1.6 X 10® 1.4 % 10%
(1.6% 10%) (1.3x10% (1.9 10% (1.9%10%

VAC" 2.6x 10" 2.8x10* 1.3%10® 2.0x10%
(1.9 10% (1.9x10% (3.9%x10% (3.9%x10%

! Standard error of least-square means

*»¢ Least square means within row with no common superscripts differ

significantly (p<.05)
MAPI1 : modified atmosphere package (N> 100%)
MAP2 : modified atmosphere package (N; : CO, = 80 : 20)
SHR : shrinkage package

VAC : vacuum package

Figure 8& JXFL HAAF AT FATFE ARZY 1, 3, 7, 10, 1244
233 ZAFgo|t}. o-Tocopherol, selenium, F7)7}e] WE FAF49 }ole
Uehda] gsten owl AZAo] FRSE v B RfFHoz Filste
ARTE 4L T ARG AXZZY B¢ AR 3497AE 93 AolE B
o2 wgtem, A 1U7AA 10 £F9 FAEFE UBNG AT 2]
eSS A2 soen AR 1090 FHAAN 2EF 10° ££L g
Aoz Jey v E 29 o8 Al AFHA
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Figure 9 JFER, $3XF, $7HA 728X FL QA M7 2
ME5E a-tocopherold) F7H4EEZ 2AS Azoltt X P vpPrAS
a -tocopherol, selenium, 7|3t W& FAHFSF9 3ol UeEh YA ggton
A% 18U0] AF Aol 10° £F nYESE Ve FEF) v &
B4 Aoz HrEA. |
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Figure 8. Changes in total aerobic bacterial éounts of broiler chicks packaged in
wrap during storage at 2+2T.

CON : all-rac- a -tocopheryl acetate 10 IU/kg diet (basal diet)

50 : basal diet + all-rac- a -tocopheryl acetate 50 IU/kg diet

100 : basal diet + all-rac- a -tocopheryl acetate 100 IU/kg diet

200 : basal diet + all-rac- a -tocopheryl acetate 200 IU/kg diet

400 : basal diet + all-rac- a -tocopheryl acetate 400 IU/kg diet
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Figure 9. Changes in total aerobic bacterial counts of broiler chicks packaged

in 4 different methods during storage at 2+2T.

CON : all-rac- a -tocopheryl acetate 10 TU/kg diet (basal diet)
50 : basal diet + all-rac- a -tocopheryl acetate 50 IU/kg diet
100 : basal diet + all-rac- a -tocopheryl acetate 100 IU/kg diet
200 : basal diet + all-rac- a -tocophery! acetate 200 IU/kg diet
400 : basal diet + all-rac- a -tocopheryl acetate 400 IU/kg diet

Z+ EvbA o] 4 g 2'1.78' Z thiobarbituric acid value® Table 43} e )
o A wE APARFEE AFYEE viwsHe @ TS A
Y ol oo ZEFEo] YEIRTHp<0.05). ZE X TN AF 18
A AgGol F7EIAEA AW fFIFez Frtste Ao BEHUG
stAE AR 24dolMe FHEFTO] {3 F7E el e A 2F
o] us] AWyt o JPsE Aol FAHA-
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Table 43. Least-square meansof TBA value (mg malonaldehyde/kg) of broilers for the

interactions of packaging methods with storage days

Storage (days)

Treatments 6 12 18 24
MAP1’ 0.026" 0.060° 0.142° 0.153%
MAP2’ 0.022° 0.048" 0.122° 0.132°

SHR' 0.023° 0.052° 0.134° 0.167°
VAC' 0.065° 0.067° 0.133° 0.156%

! Standard error of least-square means is 0.007

wbed  [east square means within row with no common superscripts differ

significantly (p<.05)
MAPI1 : modified atmosphere package (N2 100%)
MAP2 : modified atmosphere package (N> : CO, = 80 : 20)
SHR : shrinkage package

VAC : vacuum package

EARA) BE A%e $3A% ARl AP AFE APAAEs FAR
59 2377 2 TP BE TR Ho& YshhAE LYoy AT
43 MAR2ER] £5 g0l MAPIS] Hs) ERH Aoz purdd.
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Al 6 A  a-Tocopheryl acetate9} sodium selenite®] 7372 3]

o 474

B AFMLY AF S8 I FAMAY FALdE FHNE F de F
49 7tas AARAS AEsted Ao A8 19 A= a-tocopherol®] ¢
HeNE AASSA all-rac- @ -tocopheryl acetate HFEeje]l H /igo7 714 £& &
F7b e Aoz wyon, 4% OdA AAF AR S92 43
AME Z7ld Hla] F7] 3539 HF7MFH2E A7 EAA ¥ e
A& WA £, o-tocopherolo] At A T & eI 2
FAdlE3e] FA 79 L AK AHY FAEHL ATFY NxAE8EE
a3 9t o dFAAE 7]Hke 2 g -tocopheryl acetate?} sodium
slenites)  A7HFA4EH Fodrlde nANEA YA AdE Auves
Y & de FAHQA HFH FA4FE A A

AYg I, O, I8 2738 243 23 dd & 434439 Fd M8
a -tocopheryl acetate 400 IU/kg feed®} sodium selenite 2 ppmol] 9%+ AdAtej <
FS e 8UL YUe AL2 UgY AN Fe W Aoz #d
o 4 2§l a-tocopherold] FAFE wirtAFlE Aol dAGAR A
Z+5o}X)=d) 7)%ALE ) a-tocopheryl acetate M7} & ZIMAY4E Z2HE
Fe AXe A2 B £ AU EFY, old @ APAs) dA e g
2EE ASEA] YA P BEFAE FRA A2 YEr EE o-
tocopheryl acetateE 400 IU/kg feed2 H7lstd 2 £37) 71 Holyxget 4
Ade 13t HA2Pe HFARE Folede ddidd /&4 e 29
Aol7t Q' Roe FEH Fug FAFL YYREUE FUR ol
A o] HAwgirt.

ZHYW FAHHE a-tocopherol #FFE 1A U a-tocopheryl acetate
100 U= #H4 9%zt & & Jen 9713 F7] 2143 F938oF o
T 2HE € F Ue ALE Addny slgddAE Aot dNe
U thajate] AQels 7] 10037+ a-tocopheryl acetate 100 TU/kg feeds] 3
At FHFL FEIY FRE Aolg & FE AN @V 109 F9
EHE YsiAE a-tocopheryl acetate 200 IU/kg feeds] Foi7F Wad Aoz
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gdg. 3] 200 [U/Kkg feede] #H7}Alol & sodium selenited] H7}%EE 2
ppme 2 FIFAI7|E o -tocopherol X Fe] JeaAAE 7T & Ao

gt A FHLEE ASRED JAEFHC UM E  e-tocopheryl
acetate= =5 o] Aolg Bl 100 Ukg feed] F7AGIE EH7} Q&= A
o2 AZFIHAY FHF AAE 200 kg feed2 Hd@th. FH  sodium
selenite 2 ppm H7IA] FH2EE AERD JAEARE Y =F H7HY
AFE 71 F Aoy =8 25 FHHE selenium®] FFE FHINT
o vld & xolE YEUA Got GFHAA EAHE AFLENY SHF
A= e Aoz A4dEH.

AAAe P H  o-tocopheryl acetate 7tEAte] S4o] ol AT T/
ARE Rez AZHY 43t =& T H/MFEEX e -tocopheryl
acetate= HAE 100 IUKkg feede= F7l5ojof 3ln A EXoczMe QANE 1
23t F71AQY K573 F7H8 ZAYT A 200 Wikg feede] H7tFo] F
HEo. : :
AAEE neldtd HIbAle]l @ AAFA SAAKHE A& Hd 2
AFRAA SAE 2Y T ASE AL 7] 201d T @4F A
AtRES o 2kg AEVE HY 23 A 1049F5¢ AAStE AR E £ F
1.6kg olgtx AT £ . £ g9 Ao o a-tocopheryl acetate
100 U/kg feed®] F71 219 F9t 200 [Ukge] £3Hd 10¢ FHo] s A
AEd gE3 2o

A FE55E 50% a-tocopheryl acetated] 7} kg 16,0009} A}
& kg@ 100 U9 a-tbcopheryl acetateZ 7} F49E AL AR 12L& ¢
3299 F7b dAET. ol & 4F Ao HEAARY F7] 219 ¢
a -tocophery] acetate 100 IUkgE Foi§ M TFE AR 7HFdA F57 644
o F77t A4EH" &3 109 < 200 WWkgE A A S4 @43
1024908 AtgH] F5E 428 + A

Sodium selenite?] 7}4 -2 ¢ 4,00099/kgo. 2 2 ppmS F7] 21d ¢ HANF
Al 0.03290¢] Asdtn] 104 FAgAde 002699 Fh7t dAdEHe] a-
tocopheryl acetateo] 2j%t U3 vlwstd vlu|g Aoz PddEd. we
A a-tocopheryl acetate®] Fot BAF AAAL A& o 2 9vlg 74
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F A

A7lx W5 e & A28 B a-tocopheryl acetate 200 IU/kg¥} sodium
selenite 2 ppmE F7] 104 ¢ 4 FARL A «-tocopherol®] 27 gol
400 WU/kgel H7hFoist e AHE AFJULEE ol& vas By Az
102669, FA= 2048099 fA7HEsol dFEn. mahA 1021499 4 &
FE 718 & on o)y Asust AV dUyB F7] 219 F4Y a-
tocopheryl acetate 100 IU/kge} sodium selenite 2 ppme] H7to] 23 ZFH 77}
FRHEH B4 L 6432901t

7129 JASA FE7TL F 49 FEE HS w o-tocopheryl acetate
g Al H71E A AF 74AHTAM T a-tocopehrol F-H7FE I H=F
238 2 F At FF ASE YA §58 & de Ve FANE
F glon YEFYAS d&str] AfME ol e nIFYRASY A
& g4Holgln PZE). a-Tocopheryl acetate®] AR H7IE A% AbzH] 9
A5 AR et nFF FAAFAN, FiE7HY ¥
2doly ARARAE FEE § e FHAA FE FXE ¢f & ol&
& 238 ARAAFY A=Y Agsdy ¥ 4+ Qo
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2%, 1993 LE7EA A AL A% AYVE 857188 FAA
X A& p.35.

@A, A7, BTE, HEA, ol E, olds, W5, 4%, FH7, AF
7. 1985. HlERR] - FEDFE FEA
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N 3z DZEA AS swimi M=V |s &2
A1d A&

Surimi 25 %o oYL YA A RoZ JAFoE WE AAF
F A, g5 AA T <Y HAAHE AX wEsoA Ear1EL o@d
(Lee, 1984). 1970 At HE YR E o) surimio] Ak o] Ala}ﬂﬁiwl
o] ¥ 80ddlel ¥l2A vFI FPF7lA X surimi-based producte) *3}/\1-0]
E2HH o2 ARHAEA &7E dA HAG.

Ex7]€ AHF dAESESL oS w2 5L XF §33 44 A §
o2 ] RHAFHAY ofKo] /A B AL 44 dojwidA €d. 2
A ojel et oot AL WX 3§ Y FAE A Hed, S48 Fo
24 B8 AES AAE 7 Aok A, 89, g1 53 2L Ao AA
=l m(Ball and Motejano, 1984; Dawson et al, 1989) 84 THAANAE AA
Hez 4 F 2g 8 4849 duFdz A7} o]Fo A {4 n
7F ZHA 2 e 7HE AW A dAHLS YEA dide] s)FAol 333 Y9
A Aol FZAFA actomyosin®] WAL $4A%, o] &dd, 2542
&, s-sARjto] B A5 nAAFS YA stei(Jiang et al, 1988a) 3o
2 myosin®] RAAFo] AAHoZ FIlsle SAHI QEY Aoz &A
Aot YERFAN SHASo] WAS ] A HE GYFIRY Bo] w
Avel Bogo) ojAm ol ohghA did e 7150 AdEA He R
derg HED U, 8 delN ol TAPS AFeA 21 AN
U 52AZA dEHAAEAAE Hrlgto 2(Okada, M. 1992) @A 9] 754
o] AgHE AE T & UA Hol we BFHoz £ 0 Al LA
A =iek | |

YE Fdue olFol W HF € o]fo] £ol3ld dIF FAHAF
2 47 FAAEFLE BEARA 5]%10"1 ol AESL Y AEH
ZAAQA ¥, 5, 717 vl&3te] A6AR sdg #4E £ deA gL
A7} o] Fol A JA HAUAh 0d g EgME FAR of/|HE HFY
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a

BHLAEA L 9EAE XY e 7YY AY T2 U 25 F
g Aelo] Aoy, @AZRAE surimi-based products®] o] §& FFdn A&
AQ AH|7} o]FojA AddAdo] A&LHI ok FEn AdY £FA TAH
I dEo] A9 ojgFue Uig IAF EF B2 dHE oFUeH, 2
e oldg AFATe] YUol o) ol okl BE ARE o &3t kol
A7t olFoAAA HARLH, &, HA FY HIEJ AAE FEE O
43l Axg surimig] 7154 A ATt olFo] . Y HEK
g o] &3 AEE g vEFF AAoH, xAFH o] o] &3} g F&
Y8 E ol&3T A ¥ duSs A7 olFAA Rdn Ue 4FHolth

e, £ dFAME o877t ul¢ @& MDCM(mechanically debond
chicken meat)& o}&3e TEFEA AF swinid AR} 7l1eg FHeH
MDCMe] R7p713] 33 tgd AFLAREAMY o7& A8 oYy
2 Az LA FAAFLAT 2383 WAF] 7S
53t Y Are JALAH ok s BEHA ARV ES A A
Al &t ot

A2d Az R U

1. 988 74

YERE A7l T UE ATHFLERYH 4F9 4SS FUAH
vEdE SAZYH FKE AAST MERAMEH -—"i‘—%f& 7NAEE 3
4-(Broiler RCM, recovered chicken meat), Eiféa} Ego A —‘f‘QEi A&L 714
2 33 71 A% 2 A & (Broiler MDCM, mechaﬁically deboned chicken meat),
Al 34 &(Spent layer RCM), A& &£ I 75 (Spent layer, lean meat)o. 2
o gaglth £ AU Aw B EHE do] FANUL YRJLE ]
AdE B2ddS(Broiler MDCM)E A48t}
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2. FA A% ase] A

AALE p2dases FAXNYSRE 12 PP Fig 13 2ok 4¥YS
Aol we of Sulg B SOl ¥l Yol /|BHo2 330 A YARAA
A WA 444 g9AL AANYY. 2, A FANAE FALL 2%
o 1, 285 2FEE wAY 33 FAANE 242 FANND 4243
2ol uge 1:42 HFU% & FYuict ANZHE ARSI Astel §9
oA Wo] HAE ARSE 330 2A 2mm, mm, 0.6mmZ THAFOH WA
2oe HFHoz dux e Fyule Fesac |

3. &u) AEYAY

sAgdo] dEg FAENE HZs7) 45t sodium chloride (SC, 0.5%),
sodium bicarbonate buffer (SBC, 0.5%), sodium tripolyphosphate (STPP, 0.5%)&
A3 0N NaOHY 0.IN HCIE o]83le] 25 pH 6002 zHsgoh
FAEA A7 8K v &S 5119 HEZ AAHA
4. oleREd Be HFe

24802 NaCl 0, 0.2, 03, 0.4, 0.5, 0.6, 1.0%2] 54 £4L Z4zt ALE 3
o &4 dlA, Byge Az FehAe AAAT, FHAF dol o] gel
3t NS d A AR 5& FAEAGH
5. 7 A3 £A9 FE AA

NaCl 0.5% L9902 $x3)4 130X 43872 @AE AHastn &4 F

& sz ANSgTh A2 swinie) TR ZAlstd A f5 gl
Fg AA}UH
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6 4% 222E 27
Swimi& AzstEd Qo 9o LE7 Eo] NAE AEE TR

A8 02% NaCle AEFo| Suj42 she] 4TS} 25TAAN 242 242 3]

45 W@,

7. pHY 4093 £3 L 4889

Soude J15d EXo ARHOZ AL 7 xE pHE SH N Ao
A pH 5, 6, 7, 82 T8 surimig A zst] FAEHE vEd )

rulo

8. §iL7] surimi FA71E¢ &y pilotd] AxFAH Y
TAE T3 FHo 9% 71Xe AHAQE FToA HY xdg HAYs

At Y 2P A PP piotd o2 44 L TPy 2dE HY
stk

9. A3 pH

UG E 42 AOAC (1990)g 2oz AHAlssTh. pH &2FL A& 10gd)
¥ 100ml& 7}3}<] homogenizerZ 8000 rp.m.o]A 303 #FA F $io0)
eFE

2472 235

10. FetAi(Collagen), B8, &4 @l F(SSP, salt soluble protein)

EoA JFL Kolar(1990)H o2 HAA AT AEE FAoZ 742 AA
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chloramine-T2 4}3}A17] ¢} 4-dimethylaminobenzaldehyde& Yo WMA|H F
FE WP o2 hydroxyprolined F& FF & ohg 2ehA gFoz gisgr

B 42 (water holding capacity)e Jauregui %(1981)9) W¥ & <7t £33
AT § AR 10gS A4S FEdel Y3 Ag WELEs} 72C
Eg3to 3027 HEEF A-2oAM 3087 WA o 1500 rpm.o]A 10
23 dHEYEY frE FEFE AR S50 Hol dE FEFLE AN
3] NE &3 A

Amount of reseased by centrifuge
Water holding capacity(%) =(1- )} X100

Water content before centrifuge

d84 Gl z(salt soluble protein) Saffle} Galbreath(1964) @& <3+ <4
st AAEYT. F A8 20g9] 6% NaCl €& Po] pHE 6.002 =43}
1 FEF 9F 5000pmol A 1023t QA EANA FFHE viojaz Ady
Hor BMadrt. @A &) E(protein solubiliy)s AE&o T8 @9
FFAA 84 SNFAFE Yo Y& Y

1. 4ze &3

Color difference meter(Yasuda Seiko Co, CR-310, Minolta, Japén)% A}-g-35Hof
NEE HBeA ¥ 9F FZ(L, lightness), XM x(a, redness), (b,
yellowness)] 4] & (Hunter color value)e Z A3ttt Meo] 2o A4 E E
£ MEge Y=93.7, X=0.3129, Y=0.31940)Qic}. ]2 & (Whiteness)=
Reppond$} Babbit(1997)9] HH o2 W = 100 - {(100 - L*)* + a*> + b*2 {2
Saturation7}= C = (a*° b‘z)mi, Hue-angle7}= h° = tan’ (b*/a*)2 A A3}
At
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12. A0 Z % B3I

2M% MDCME 719488t geldtAlll 98 ZF3L 0.07M phosphate
buffer(pH 6.8)2 A|X¥¥ F 2% glutaraldehyde, 2% OsO4 (4TC, pH 74,
phosphate buffer)2 A, ¥ AFANAT ELE& FTETLE €T3} HFTH
2.2 butyl alcohol2 X3Pt MY AEE critical point dryer§ o]-£&3}<
AzAZ ¥ ion coaterE o] L3t 10mAdjA < 3BT HAHE Fo2 IYT
¥ SEM-3500 FALdx @u]F o2 15KV AgtolA BAsAt.

13. Surimi®] gel = SAWUY

‘Surimi®] gel 7} =& TPA(texture profile analysis), <T@ (cutting strength, =
shear value), 9}% 2(compression force), 917373 E(tensile strength) A] @& Texture
analyser (TA-XT2i, Stable micro systems Ltd. UK)Z o] &3l ZFA3 P} EE
Age 2ol Skgo load cell® AM&atdth AlZel gel ¥4 APyde ud
TPA, A9, ¢FAPLo2 £ALEE AK suimiE A § 15mm A A A
ol ol FR3d ALgsITh AFZEL AlEE ZAW FI7E S AAA
7171 98 A& 13mm AgEFo] FJAIA 2000pmel A 10833 A EHAR
. 22347 surimi FF7HEs WRLEVH 75T =2 F 258D AH
F ZA 1CAAM 247 $ZAZ gg AN AANAT 2¢a FAA A
4 surimi9] WEWHA 2 AshLA 7l&9d A 39 HAAY AS surimig
ol 4 d SuA gelst Fd sle Y VY HYoMe B LT
geld] AZE A8l 2AA Aol WA glass tubeE o] &3F o 3dA FHA
AME 90CHA 302 7H9e F 247 H2EE AAGAL gel5A°] F
o} FEZE AYANE NEE FE3HE ATE 80%7HA - 83 on TPAA
T 719 1ommyEt}t 21 15SmmolA EFA A

1) TPA(texture profile analysis) ¥l 2% 237 FA
A2 15mmol] Zo] 20mm =78l AJ&o] 37 Smm¢l cylinder probe (P/5)E
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o] &3t AL AA3EHT). Hardness: (g), adhesiveness (g*s), ' springiness,
cohesiveness, gumminess, chewiness, resiliensel= MHK Trading Co.(UK)el A A&
3} texture analysef software(version 1.12)& o]&3to] A4tslA . Gel strengthe
TPAS] 9ls] FAHE R AA curvedl X Hz peak7tx| 9 (g olw7A o]
=28 Agd(emE F3 oz s &4 ZAL& Mode; TPA, Pretest speed;
Smm/s, Test speed; 2mm/s, .Posttest speed; 5mm/s, Distance: 10mm, 15mm Trigger
type; Auto, Trigger type force; 5g2. 2 3}4t}.

2) A2 (cutting strength) 7

TPA A3 FLF 2719 AERE 15Smme]] Zeo] 20mm)ol] guilotin blade
(HDP/BS)E Ab&-3te] AAlsth AdF9 NEe ADA H3e P& gd
9z Jehydok. =4 ZHdL Mode; Measure force in compress, Option; Return
to start, Pretest speed; Smm/s, Test speed; 2mm/s, Posttest speed; Smm/s, Distance;
20mm, Trigger type; Auto, Trigger force; 5g2. 2 3} ¢}

3) 4RY

TPA Alg% $Y& 2719 ARAE 15mme] Fo] 20mm)o) 27 35mmel
cylinder probe(P/35)E A&t AA&ATh o o&] FAPH curvedl A A&
7} 3zx2 A9"e AFY J@FA WA oFE AHlmE F¥ A&
compression valueZ 3tY L, FAAE AA77] gAY FTHY WA S areaR
Jelugdth. 23 %2148& Mode; Measure force in .compress, Option; Return to
start, Pretest speed; Smm/s, Test speed; 0.5Smm/s, Posttest speed; Smm/s, Distance;
65%, 80% Trigger type; Auto, Trigger force; 5go 2 3ttt

4 22Y A

A &1.3mme Zo] 50mmZ AE ABE tensile grip grips(A/TG)E AH8-3}o
ANSHAT. 29T YAl 20mme DA HEHE Yo|g Z A8d
Z 28 EA% AFFLE AFA9 ) 2E= o] 0dHAA g A
Aem)E FF RS Value gy, FvE 9 74X 49 HHEH L AreaZ
JehA A h
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ZXHZHL Mode; Measure force in tension, Option; Return to start, Test
speed; 2mm/s, Posttest speed; Smm/s, Distance; 30mm, Trigger type; Auto,
Trigger force; 5g0 2 3¢}

14. 4534 YAA FNF 2HAY

Fgulzt A7) weh g WA Yotk A WA Azl
A H7MF FEE  YolR7] 9389  sodium  chloride, sodium
tripolyphosphate(STPP), Sucrose, Sorbitol®] H7l+-F& dadto Al¥slg).

15. AR E A FAsA AY 2 2PN Y

38t §ArslAlel Propyl  Gallate, Sodium  L-Ascorbate,  sodium
tripolyphosphate(STPP)9} HH Al Ho]A F& 3 oleoresin A1 52 Rosemary,
Thyme, Sage, Mace, Marjoram, Bay 5& F3lq HA/lTE L gdstod YE7)
T 2 2xd mE HEAES AAEA.

16. TBARS(Thiobarbituric acid reactive substance)

Sinnhubero} Yu(1977)9] M¥& 43t 33t A A

TBARS(mg malonaldehyde/kg sample) = _(ﬁé))ilesﬁ

As : Absorbance of sample
Ab : Absorbance of blank
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17. 3}413}& 7}H(Peroxide value; POV)

Shantha$} Decker(1994)2] ol F3ld A AR

(As— Ab)x 20.76X V,
55.84 X mx2Xx Vl

POV(meqg/kg sample)=

As : Absorbance of sample

Ab : Absorbance of blank

20.76 : Slope of the calibration curve
55.84 : Atomic weight of iron

Vi : Volumn used in measufement
V; : Total volumn of extract

13. 24 |78 A2(VBN)

g WAYYEE RAE] Yste VBNE E#R(1975, 1991)9] conway'l &
ot $A3e] AA AT A 10go] 7%TCA(trichloro acetic acid)& 40ml&
Wol 12,000rpmol A 13 30%3 281 F3¢ 89S filter paper Whatman
No22 c#ste] Aug A& ABZ o g3t WS 38TAA 908D A
2 ¥ HFHoz 00IN HCLE HAsts Fic.
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Chicken meat
l
Silent cutter for 2min
Stirr with 5 vol. lsolution for 8min.
Stand for 8min.
Strain out connectivle tissue(2mm mesh)

{
Centrifuge (15 Tin, 3000 rp.m.)

Supernatant (discard) Precipitate
Stirring with 5 vol. solution for 8min.
Stand fér 8min.

Strain out connectivle tissue(1mm mesh)

Centrifuge (15 Tin, 3000 r.p.m.)

Supernatant (discard) Precipitate
| l
Stirr with 5 vol. solution for 8min.
Stand fo& 8min.
Strain out connectivle tissue(0.6mm mesh)

Centrifuge (15 n'iin, 3000 r.p.m.)

Supernatant (discard) Precipitate
l

Prepare for heat-induced
gelation with NaCl 2%

Fig. 1. Flow diagram of chicken surimi process.
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A3d A 2 uF
1 27 Asuday A 71¢ &4
7 9889 o)3aty =4

a8 JAz B2 ¥8e AAY E= HIF G HE FAHA
B AL 355t 4F59 Az d& FAHY dr)A) KAEHE 2
Abst itk Table 1o sh o] AMAEL BY 7 ALSI® NEud &2
wAR L waAo] 198%2 73 ERTh ARFANHE AFgFo] 102207
2 Wol7t AUt 53 FKE wWolum Fe FWz Ry 4, 2&% 7
AS 5 SRCM)S Aol AATZASY ST go] u 20 o) ¥
ek olAe SEARANN FLAFET Wolwy] WRelth FEYFE v
B2 e MDCMo| T4%Z 714 ¥%th $£28F0] AuHoz & AL A
Wataro] 102%2 743 A FHHA7] WY HEFFL wAZ WA
 AALRTHANN 98 MzZo) FYHUE RoE AAHE xA HN4S
(Spent RCM)o] 7474 E ket o |

7 g 472¢ Be FAE@E)E R2dasde] sz Wl BEL )Y
WYEW)E wASAA ettt HAES} 5 A BERHAN B4 3
£ hemoglobino] #UHAAL o™ thE SHa7t Rol FHHUY WEL
2 Azgd. '

BFEe 7 ALZASMDCM)olY &drE A KoA gk, §]¢—
(RCM)Sl A4 ket Qw35 &e Hzy G484 wHdol HA SoYxn
2, 7ldeud, wep ge 2o oF Bojglel Redo]l YojHTR %EI
AT miPe TANATND I AYS BAS A7) WEoITh

I'E
X Yo

_9.

=l
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G HH £Ague A9

$d4d2 33 A FAY MDCMe] Mz3stg B Table 28} o} §
A 3AYTF EF FARAFI 1304 33712 HELFE PJEL)e} B
EW)E 371583, B8 A4E@)E Zasts W38 BHT oA £4
o 93l Eol A %&F Y& ARSI 2ulo|y nfojeFzHlal e YA
a2 @ do] fiRsEs FAZ Duldel AAHUY] Aol Wy FHE
Ho2H Fgo B2 AT 3 geMoz Hed nlx oS surimi
g A AZ2z HJAo FAE ZJAES Aol 2T vl o] Yo}
AR HEL Mo FadPte B 7t Brh(FroningTt Niemann, 1988).

Hernandez F(1986)2 71 A4Z A WX K-S 0.04m phosphate buffer(pH 8.0)2
frﬂl%}%i% W B9 FMEE 51%9} 26%7F F0HE R HAMEE 64%7 7
AR B3¢ v Qo

gdEz HEE W WEe WHEe Zrie HYTe FAs B
Ae Aoz eyt Wxel WMTE STPP(sodium tripolyphosphate) & o]
7F¢ #=%t3, o]o] SC(sodium chloride), SBC(sodium bicarbonate)d=0] %] 31, ¥
HYEE ol winigo R yEith FAstd 42U BRA STPP/} 7}
T 4 Aoz YEy.

|94 @23t T4 MDCME 7193 gelstAlZ] & =2 7HE Table
33 o] &Aso vlwdHrt. A (Hardness), A 24 (Chewiness), A & 2 (Shear
valie)o] =5 STPP £l 4 713 %53, SBC7 74 @itk e 433
(Adhesiveness)ol] Al = SC € o] 7}4 =tx, STPP7F 714 oty Sy 4
Astd Az AS surimio] QA Q] 2AANA B X2 STPPY X3 o
gadite Ae ¢ F Ao 22U FAYE gel FEE AARsE FLE 8
A9 Uz BFE 4 Y] Bl 2Ag dasoa gl A= Eone
5 2T Aot FF GFAPY AFANYE T TYAQ geld BES
Z23% "9avt dvtn Az
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Table 1. Physicochemical analysis of raw materials”

) Broiler Spent
t RCM) S M

Parameter Broiler(RC ) pent(RCM) (MDCM) (lean meat)
Moisture(9%) 66.0£2.1° 65705 - 74.0+0.2° 67.8+0.4°
Protein(%) 125%0.2° 15.1%0.1° 15.0£0.1° 19.8+1.2°
Lipid(%%) 207+2.1° 18.0+0.4° 10.2+0.2° 115+09°
Ash(%) 0.8£0.03° 1.2+0.03° 0.8+0.05° 0.9+0.07°
pH 6.6+0.1° 6.3%0.1° 65%0.1° 6.0+0.1°

L? 56.9+0.2° 59.1+1.0° 55.8+0.2° 625+1.2°

a’ 202+1.4° 17.3+05° 19.6+0.2° 11.6+0.8°

b’ 14.0£0.3° 14.7+£0.4° 155+0.1 132+0.4°

W 50.4£0.6° 53.1+0.7° 493+0.3° 586+1.1°

WHC?

E W 9+0.8° 4£2.1° 3+16°

%. TB. 41.0t14 309+0.8 55.4%2.1 613116
WHC 79027 57.4+3.0° 151.1%+59° 134.8+3.7°

(%. DB) 0x2, 4%£3. 15, 8+3
Collagen a a a a
2.4+0.37 2.4%0.01 2.3+0.02 2.610.01

(%, TB.)

SSP(%, T.B.) 88+0.2° 7.8+0.2° 82+0.a° 83109

RCM = Recovered chicken meat, MDCM = Mechanically deboned chicken meat, Spent = spent layer

2) L' = Lightness, a’ = Redness, b= Yellowness, W : Whiteness = 100 - {(100 - L')* + a2 + b }*?

3) WHC = Water holding capacity SSP = Salt soluble protein
4) T.B. = Total basis, D.B. = Dry basis

ted Means within row with different superscripts are significantly different(P <0.05)
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Table 2. Color changes of washed MDCM by different washing solution and cycle

Washing

eycle Solution L a b’ w
SC”  605+05°  128+02°  151%02° 55.8+0.3°
1 SBC  565%03° 139+0.1° 145%01° 52.0+0.2°
STPP 627109 101+02° 152+02° 585+0.6°
sC 642+t16*  101+02*  153%0.1° 59.8%+1.1°
2 SBC  619+09° 98%+0.1*  155%02° 57.710.6°
_STPP  65.8%0.1° 64%0.1°  153+0.1° 62.0+0.1°
sC 645+1.2° 81+£02°  155+04° 605+0.5°
3 SBC  .60.7%0.7° 86+02*  152%0.4° 570+05°
STPP  656%*0.1° 53+£0.1° 152%01° 62.0£0.1%

" SC : Sodium chloride (0.5%, pH 6.0 ), SBC : Sodium bicarbonate buffer (0.5%. pH 6.0)
STPP : Sodium tripolyphosphate (0.5%, pH 6.0)
*™ Means within column and each cycle with different superscripts are significantly different(P (0.0S)

# See footnote in Table 1
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Table 3. Effect of washing solution on the textural properties of washed MDCM

) ’

TPA Value Cuttlng

Hardn Adhesi

ardness estveness Springiness Chewiness strength(g)
(g) (g*s) :

SC 149+4° -133+33*  0.9710.02° 66+2.1° 1217
SBC 125+7° -108%21* 097+£0.02°  56+38° 92+12°

STPP 171+1° -84+31°  0.94+0.03° 68+4.7° 132+27°
1) TPA = Texture profile analysis

Solution

# See footnote in Table 2
®° Means within column with different superscripts are significantly different(P €0.05)

gz 38 2t £4F AS Surimie] 3353 HAE& BY Table 49 2
th AP F2EFS 84.2-858%2 AFo)7F AUTH o)A ALAd] £
pHE 6022 ZE3tg7] WEo] pH e Suude Redols JFE 7
AX g Aoz AAAG. FIE pHAA 2FHAESC)F7 BFH(WHC)
370%, 944 @ A(SSP) dFo] 8.6%= 7HF E=tch. '

. oleFEY Be $HED

2289 Fxo uw 33 FAHAE AANF A Suimid] 4ZE B
Table 59} Zth 239 o|2ZE7 E&€FE FEL'), HAEW), FHED)
= Z7lsln AAE@')E F2EAT 2F 0% HE 1%Y i =& 55.1
dlA 6542 Z718l9 R, AMEE 512004 6092 < 109+F ZF71st
Ak BE HATE 14194 752 ¢ 1R2FEY £o] S SZFAA &
F9| o]2REI} FHEFE xUlde £44 d¥do] fYH1, FEI A
3 EolAd d€A4 d¥AE Fdoh Swimio] Fo FHYEA SEHH
g e §Fe nAA Fn @&d 42 nHPdE o)FET 2T
2 3o oy o) REs Eod 88 ¥ 444 @A ¢4 fAEF A
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o082 HAF sxA Iz HoJoF Fct. Lind} Park(1996)L o} & surimi A
ZE 93 258 025%, 0.5%, LO%ZAA £ ol Z T/} £&4E 294H
93 &d0) BT Wl AE FAHAT nade Ut

TPA(texture profile analysis)o] 23t o] 27} AxP AS surimie] FTAHE
A& B9 Table 63 ). 7d T (Hardness)= AF 0.3, 02% A =tm, A2A
(Adhesiveness)& A7 04, 06, 03%<To2Z EUY. oYddx  LAA
(Cohesiveness), gumminess(ZL5ZAz}+3 2L HA&A)), A 24 (Chewiness), @A
(Resilienss)H ol = AF 0.3% H7L77F vt 2222 TPA AAYoz:=
a8 03%7 7t 9 d 2ARE B4da &4 o

Table 72 o274 xd AZY AS swimiz} Dol os] PYAE gel 2R
AZHY gFPgoz FPAAh. TPA Aol 98 713 adad YA
E ARG guldlA gel FE7 Eohn & 7t gldh Justd 984 9y
Aol sl Y4E gel marixst 7HLol o FHY THe olFn Y7l HE
ojt}. Gel ZE7t =&2W HEYE A, HoiAe HE, 4R Yo o4
GAHA Ga Ade AYY Fo] A ne ok 57 PFojtt. Ho o3
Z2 7] FHE TAY surimiE AT Yoz NEZ FolFAL uf ojx A
HAA ZAE YL A (Tensile) o2 AT 2F 03% Yo F4%
A FolA AAFHo] 188.8(g*s) o2 02%9] 127.3(g*s)Rtt =gty sz
03% §H 77} FolBAE o AYPo| A} Aoz veigrt. FFAHPA
= AFANEH 3T €8 27 02% £9477 7MY A Jdeint sAgs
F ol 23 gel 342N MDCME  cylinder probez MA3] ¢S &d =
e o= A= FHE FAsE e AFYe) A7Idrt o= AH o4 Ay
B Afe el £3FHeE fIdd. o AIEdxe Y& AL
(compress)2 &3}t olgo] B4 FAYFEFTA AFFY YFRZE
7b 742 @ A surimi®] gelZ T b LHT B Ye Re2 FoEL
Tableo] A B upehgto] AFYH} (AR EE 2+ £F 03%9} 02%014 7}
Z ERY. wdA 27 EWA BY 239 ol2RFES 02% FE 03%
o 8o} HFsiia wdEo).
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Table 4. Proximate analysis of washed raw MDCM that was washed with the

different solutions

Solutions Moisture(%) WHC(%,D.B.") Collagen(%,D.B.) SSP(%,D.B.)

SC 852+0.1° 370+2* 54104° 8610.2°
SBC 85.8+0.1% 356+12 6410.3° 76+0.1°
STPP  84.2%0.1° 296+5° 7.3%0.1° 45%0.1°

Y DB. = dry basis

#¥ See footnote in Table 2
abc Means within column with different superscripts are significantly different(P <0.05)

Table 5. Effect of NaCl concentrations on the color characteristics of washed

MDCM
NaCl (%) Ls" a* b w
0 56.1+0.2° 14.1%0.2° 12.6+0.2° 51.2+0.2f
0.2 56.8+0.2° 13.3%0.1° 147£0.1° 526+0.2°
0.3 59.1+0.8° 11.4106° 151+0.7 54.810.6"
0.4 62.3+3.3° 11.5%0.2° 15.7£0.3° 57.8t21°
05 62.210.7° 94%0.1¢ 154%02° 58.3%0.3°
06 61.7£0.2° 9.610.1° 165+0.3° 57.1£0.1°
1.0 65.410.9° 75+0.1° 165£02°  60.9+0.7

b L+ = Lightness, a* = Redness b* = Yellowness

W = Whitness = = 100 - {(100 - L'y + a> + b }»?

<% Means within column with different superscripts are significantly different(®® <0.05)
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Table 6. Effect of NaCl concentrations on the TPA textural properties of washed
MDCM

NaCl (%)

TP Al)
0 0.1 0.2 03 06 10

Hardness(g) 29515 1435122  16311261° 1974+423"° 1630473  100£45
Adhesiveness(g*s) -125+3.1° -784%78" -708t24.7° -1233%300° -1366+30" -B3+217
Springiness | 0710.1*  10%01° 09%0.1° 1.0£01° 01+01*° 01+01°
Cohesiveness 03+01° 0401 04+001° 05£0.1° 04+02° 04+01°
Gumminess 79114 564126 673196 9611243  T11+71° 40313
Chewiness 53£07" 540%28°  612186° B2 2 685153 382%1TF

Resilienss 01101 0.1+01 0.11+01 0101 01x01 0101

Y TPA = Texture profile analysis

®ed Means within row with different superscripts are significantly different(P <0.05)

Table 7. Effect of NaCl concentration on the tensile and compress properties of

washed MDCM

Tensile Compress
NaCl(%)
value(g*s) area value(g*s) area
0 5419 13+4° 1243 191 +54°
0.1 84+9° 270+ 36° 581£26° 5015+ 119°
0.2 S 127%15° 409+5° 1139+88" . 8868+ 429°
0.3 189+11° 620% 39" 770£94° 6536600

ted \eans within column with different superscripts are significantly different(P <0.05)
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AF9 o275z AZXY AL surimio] YA S B H Table 83 Zt}
& ¥A e YERF v £23L ¥ U &8 FEm oA g%
o] o7t o} AFe g AL YF GiFe] £IFo fEHE Re=
AzZtdo. pHE 2337t $E3dE Ao)7t giley T Hisf o 023
E e A%E 24 283 AREFE 2355 4@l Holst U
o '

Table 95 4 F o274 =d we Az® BSH(WHC), a4 &%, 9444
SR A(SSP) FFS e Ao By 0% AT AT 02% o]l
Me gz27809 52 FA¥YE BQ2d 1 §F $=& 7ML+ E A+
Aol7k (AT Yigh Mast(19)e =AKAAN 358 d849v89As Fite
BEEo F7HE ZFAv L B v o

2 $EI FEFE A TSR ok J1AeW Ao 2T o
3 24550 AARA g2 AR & dolUr] HE2 @t
JeBE £S4E A4 B UFE 4 o=k FPL HAT £
Ae) o] 2Tt EL4E YRS At F44 @A) 4oz 39
o] AAS7] WE +ALEE MDCMolE 44 o] FASUYGD 4
Ztg k.

gt HA Ao BE FAAg

0.5%¢] NaCl 402 £HRS 1614 437x) 2 @A¥ MDCMe| 4723
38 B9 Table 103 Zch $A3S7 27425 S FAEG)E 2 Folst
oy FELY WAEWE F/Hn FH4E@R)E Zade F¥E R
Aot FABAEE HAES} Pgasts AL Y2 3P (hemoglobin)ol } &
M2 @uw2(myoglobinyo] AASY7] WEo2 Weh ojghgre] Ma oy
ol AAL FUHoz WHES JEst FrhsA Dok 389 43 FAZ
H2E Hrd A4ED §2H o7l AL ¥ 2 9 WE, FAE, 9y
e FAAHA Aol U

#A84E2 AzY A% suimi& 1Ese 2APAE AT Table
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1A EEutel o] 7 E(Hardness)= 2319} 33)dA, Egtov A&AH
(Adhesiveness)®} A2 (Cutting strength)2 1-23]7} 3-43]H ) Edch 4304
7 ZE4E FYHA 242 AT 4R AHE o)§ surimiE 3
e B2 38 $£AE$E 2o REYT FAHATHT Hastings(1989)0) 1
agut glo] Be&Fe fJoz od FAHstE Rel dizf & A7
E AT & A¥ANE FRALFI 57185 E A7) dEiRE 9o
surimi®] FEFFo] Frttedx 2 Aol Uvtn BZEch £ TPAY A
dEos AAT gel A= AR E FIUET diHe BS 749
A7l W&l FF ASHA A7 Basivn AzrEd.

Table 8. pH and chemical composition of washed raw MDCM that was washed w

ith he different concentration of NaCl solution

NaCl(%) Moisture(%) Protein(%)  Lipid(%) Ash(%) pH

0 884+0.20° 120%033* 02+0.10° 1.1%001° 64+001°
03  868*0.16° 13.7+£066° 041006 141004° 66%0.02°
05  869+084° 123%022° 12+115° 15%004 6.6%001°
10 876%0.12° 11.8+0.76° 00+006° 16%001° 66+0.01°

< Means within column with different superscripts are significantly different(P <0.05)

Table 9. Effect of NaCl concentration on the proximate analrsis of washed MDCM

NaCl (%) WHC"(%, DB.) Collagen(%, D.B.) SSP(%, D.B.)

0 180.5+7.1° 9.4+0° 8.1+0.2°
0.3 240.7+3.2° 7.8%0° 7.8+04°
05 2455%13.2° 11.1+0° 73%£0.1°
1.0 245.0+2.3° 9.4%0° 6.70.1°

D" WHC = water holding capacity, SSP = Salt soluble protein, D.B. = Dry basis

d Means within column with different superscripts are significantly different(P <0.05)
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Table 10. Effect of washing cycle on the color properties of washed MDCM

-

Cycle L a b’ W
1 59.5%0.5° 125+0.1° 156%0.1° 54.9+0.4°
2 61.410.3° 10.8t+0.1° 16.1£0.1° 56.81+0.2°
3 61.8+0.3* 94+0.1° 157+0.1° 57.7+0.3*
4 62.1+0.1° 89+0.1° 158+0.1° 58.0+0.1°

D Ls = Lightness, a+ = Redness b * = Yellowness

W = Whiteness

100 - {(100 - L%)?

+ a‘2 + b‘Z }m

™% Means within column with different superscripts are significantly different(P <0.05)

Table 11. Effect of washing cycle on the textural properties of washed MDCM

-Washing cycle

Parameter
1 2 3 4
Hardness(g) 1895%88°  2164+54° 2129+49° 2055150
Adnslvencss _1905+281° -1686+383' -1412+20° -97.9+87
Springiness 0.9%0.03 0.9+0.04° . 0.9+0.04* 09+0.03*
Chewiness 76.7t13.6° 87.1+43° 749%179° 749%+18.0°
Cutting + a + ab ab b
strength(g) 123.1£31.3 95.6+17.1 79.5%16.1 65.6%74
< Means within row with different superscripts are significantly different(P <0.05)
Table 12. Proximate analysis of washed raw MDCM by washing cycle
W:ysi‘l’:g Moisture(%)  WHC(%, DB)” Collagen(%, DB)  pH
1 81.6%0.1° 272.7£3.0° 6.210.3° 6.5%0.01°
2 825+0.2° 2954+35° 6.2%£0.4° 6.610.1°
3 83.0%0.1° 2994+44° 58+0.3° 66+0.1°
4 84.2+04° 302.6x1.6" 56+0.2% 6.6%0.1°

"WHC = Water holding capacity, D.B. = Dry basis
4 Means within column with different superscripts are significantly different(P <0.05)
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Table 12& FA340] @& surimi®] ©]3}83 54& dgix o
g 98y 848 £EYIE B B4 w3 O0d 94 §¥e
37t 1~28o vl&) ZAEATt ol AAE FTHHEY H2F 54
A= AAEE surimie] FHo] gotdoe AHdE & F AUtk

A

WA

i

oh. H3 FA2: A

FALdY 27t #ALE F AS swimid] FAd AW S 7=
2 7R3y f8 §4E 4T 20T A AA3 Tk Table 133 o] o4
LEE s o M2 WE 2E HEL)S HYE(@)E 20T ¥
8 4ColA o o ez gry YARW)ZE T ddH e
2 AAcE #Farde FPgol Blu & HAPdAME 20TAM BHE, HAK,
HAE RE7t @42 g ZF%E R FAd A% AS surimio] 422
eI, B HF& Mo USFE FHo] 2 oz BAHER HE, WY
E7En ANE7} @248 Fr) 22y Tableo]r] B ulelgo] £ &
=g Mz Az xole ¢ vjwdA Yeutr] g HF surimid] FA
of AAA S4e] =7 F2¥ JFL_Uo] old Aoz AFHUH.

FASEF gl BAES A 2% £FE EFRHAU EIXF A 71ENA
gelS SAARSH 47 AdAd o FAs) AAT. JtEAA &7
2%E AUt HEe HAEr}l FAstn HHE, FAEG APEC)7F Tt
ATt ol R Mo] ozt o] FojA 1 ¢ ARFARHT T I 22U 7}
dxelg 3t Sude] AAHUA 4zZo] gol WEHA do. sALEL
surimis} 7tE SR Y surimio] NZWE vuHRHE fA HAEY YL,
ARE7d #adta gk, WHE, hue-angleo] F7Hdde Aotk @A FA
AF Az WIdrRdE FAF Afd 2FE Hristed §9¥do] B&E
Aol A 7thol os) AR gele M2 WL WY Ade AL ¢ F 9
o}, |

FA gAY Expol7t gelo] &4 vlAE aRE 2 Table 149 Zoh
TPA A¥ S 58 AFRE B9 FEalo] 2007 232850 5T 2044gRT}
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Ot ERNS W EAH Folgol QA A GYArh. Table 15914 sk Zo] A%
A3 FAPEY 2Holg BE FHLEE ALY Hol: YUANT BAHQ
Fo27h AFHA Gk BAM ALY gele) BAZANN moBE FA
oo FEo] B AP Aol gt Aoz wud

Table 16& +HESEE B2 ste] A2 surmis) $do] FP& F= 8
e 54¢ zAlstgch $2UY, T4 $F, 984 SAASSP) TFA
LEXATZ Aozt ANT HEYWHC)AIH 4T7H 20T ula) 43 H&
Age ot

Table 13. Effect of washing temperature on-the color properties of washed MDCM

Tem Processing .y . . VL0
() Stepsl) L a b W . C . h

After ab 1130 0b ¢ ¢ n1d
washing 559+03® 14+02° 142+01° 516+03 199+02° 455£0.1

4T  galt added 532%09° 149102° 1521019° 485+08° 21303 455102
After cooked 630104 51%01° 1259102° 606+04° 136102 68010.4°

. After b 1o d | mqc
washing 55.71£09% 125+0.1% 139+02° 519+0.7 18.7i0.2° 48.0:‘:0.3

20T Salt added 532:08" 134403 14703 491+06° 199404 478+0%
After cooked 616106° 4502 119+03 595105 12803 696108

D Afer washing : washed MDCM with 0.2% NaCl solution for 3 cycles

Salt added : added 2% NaCl and mixed at 8000rpm for 2 min.

After cooked : heated MDCM for .30 min after the in}zmal temperature attained at 75C -
D L = Lightness, a’ = Redness, b'= Yellowness,

W : Whiteness = 100 - {(100 - L')* + a” + b }**
~ C : Sawration = (a” +.b)", h° = Hue-angle = tan” (b'/2).

ede Means within column with different superscripts are significantly different(P. 0.05) .

145



Table 14. Effect of washing temperature on the TPA textural properties of washed
MDCM

TPAY Temperature(C)
4 20
Hardness(g) 204.4+13.0° 2328%122°
Adhesiveness(g*s) -86.6+15.0° -116.3+425
Springiness 1.0+0.1% 1.0£0.1%
Cohesiveness 04%0.1° 04%0.1°
Gumminess 87.0+9.2° 98.7+7.7°
Chewiness 835%9.3° 781%80°
Resiliense 0.1+0.1° 0.1+0.1°

1) TPA = Texture profile analysis

4 Means within row with different superscripts are significantly different(P <0.05)

vt FHE A% A3 pHY A

pH: @A 2245 FEF Qo 9 S 7154 E47 =227
FFE 71AE F_E 8ol 9. BN FAFE surimie] F&T EFo) 1|
e Y& 7HAA Table 17904 B vle} o] £HLED A% surimi
o 42L& pH7} 504 87tA S7H84 & JE(L), YAEWE Fastn AN
E@7), FHYE0), 4PE@E F7HHT. pH 59 SdolM SAgEE A
B7F 9= YAE 53, 2T @37] QE] 422N Bl FAo
Ttz ¥ £ o a2y simie] 2L Y2 Y¥L AXE 2
UYL 43 FAAME A = ojol & Ao}

Table 182 2% £F& A7t FAT A% surimiE F{AA 71243
o gel matrix& RAAZ g A2 FHE Aot JlGEA & surimis}
2ol B HYAEE pHIt EEFE Fadtes AL 20U FATE u
HE o Role 3%e BAn 7tde) e 429 ¥sZe o AsA U
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Bttt HExE 719 A 61.5-57.2004 719E 69.6-65.00.2, T = 584-53.4
A 66.9-62.52 HA3F F7lstF¥et wtH AN E JldA 85-103404 719
F 09-052 F#3td dgFE FE}E S dido] HAFIUYSE ¢ + 4
Aot olgtzto] pHell W& Mze] Wsl: Az y 7L ze)st
o=t AL2 YEwd.

pHol @& 712A4AY AF swimie] E4E& BEY Table 199 B} AFx
(Hardness)x= pH 59} 69| A 713 =9t3, w4 (Springiness, Resiliense)3} &34
(Cohesiveness)> pH 7.0 o]4o] pH 50 o]3tRt} FdAUA =%t F3A
(adhesiveness, gumminess), #] Z}4d(chewiness), 7 &2 (cutting strength)& pH 6.0
Ax 7 =A Yetwth. olgkzte] TPA Algd Aude AAE wA pH
6004 +ALEE A% suimizk 7Hho] s FAHY gel 2} 74P Bk

Table 20914 AFH-E BY pH 6.03 7.09AH 73 A deigtz, ¢Ais
AME pH 60°14 74 EA Jebxtth olshgo] E4H Zwe)A gelo] 7
=& 9stA Bddtrlde UF g2 4890 mid oalgo] Bol ¥
F AFHRAZ golol & A Zul. Smythe} Oneill(1997)2 A& surimi& pH
64914 pH 6.002 W3® gel ZT7t 2oz Y. Fur)9 AWz 1274
NE @93 geld=e pH 6094 7bg ERthn M A(Foegeding, 1987,
Xiong® Brekke, 1991)3tu} Qlclk. 28y} ONeill 5(1993)2 E7jojA 2%
actomyosin(F 9 2 50mg/ml)& 70Co)A 3083 71435qE W pH 5504 ¢
27} % (compressive strength)’} 714 783 pH 8.00.2 Z/842 ZAdgn
SR & AYPZA Table 199} 20004 Yeld 2344 A8E 71X 3 B
b pH 6.0914 A€ AS surimi9] gel A7t 713 $43icdn & 4 .

Table 2104 ¢} Zo] pHI} S7HEFE 8 #Fo] BolA T waty 249
E F7MeA @9 R4S £9 FHAEAY pH 5204 AALES Bolgst
PH7} 7188 A&Fe ol2 Uz o] Yol HA BE FEL H{3)
A d9. =% pH SolA @84 d¥Ao] 69% F&HJoY pH 894 144
78t olsho]l EAGAY FHYe 71FAHAY FHoA 2W pHI &
Fohde A2 vehdth Iy gelsh® A% suimie] Ho) FAAA
ojl2z FTHAHAU 8U& 1HAFYY pH 6.0> pH 7.0&22 ¢4+ A

hu

e
I

lo rr wp

LU
Hoox
L0
)
K
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Table 15. Effect of washing temperature on the tensile and compress properties of

washed MDCM

Tensile Compress
Temp.(C)
value(g*s) area value(g*s) area
4 105 i‘31“ 390+75° 1938+139° 13788+775°
20 112+35° 410198 1995+ 315° 14152+ 2518°

*4 Means within column with different superscripts are significantly different(P <0.05)

Table 16. Proximate analysis of washed raw MDCM that was washed with

different temperature solution

Temp.
(e;“)p Moisture(%) WHC(%, D.B) Collagen(%, D.B) SSP(%, D.B.)
4 82.7+0.1° 3082+1.7° 6.6+0.1° 87+0.1°
20 82.6%0.1° 301.4+09° 6.4+0.2° 88+0.1°

D.B. = Dry basis

®<4 Means within column with different superscripts are significantly different(P <0.05)

Table 17. Effect of pH on the color properties of washed and uncooked MDCM

L]

pH LY a’ b W C h

5 615%03* 85*0l1c 130%14° 584+05" 164%03° 58.7+0.2°
6 578+03° 125+05a 147%02" 536+02° 194%03* 49.7+0.1°
7  564+08° 12.1%02a 145302 525%07° 188%03" 50.1%0.1°
8 572%1.1° 103*05b 153+04* 534+08° 182+02° 56.0+03°

1) L = Lightness, a = Redness, b'= Yellowness,

W : Whiteness = 100 - {(100 - L')* + a? + b }*?
C : Satration = (@2 + b)", h° = Hue-angle = .tan” (b'/a")

<4 Means within column with different superscripts are significantly different(P <0.05)
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Table 18. Effect of pH on the color properties of washed and cooked MDCM -

pH L’ a’ b’ W C h’

5 696t05° 09+0.1° 131+02° 669+04° 13.2%+02° 86.1+04°
6 641107 09+01* 114+03° 623+06° 115+03" 854105°,
7 63707 08+01* 11.7+04° 619+08" 11.7£04° 86.1104""
8 650%02° 05+02° 135+03* 625+02° 135+03* 881+09°

* See footnote in Table 17

Table 19. Effect of pH on the textural properties of washed MDCM

pH

Parameter
5 6 7 8

Hardness(g) 28991348 277.3+41.9° 102.7£21.6° 31.9+6.7°

Adhesiveness g1 54 19(0°  -1031+464° -656+361" -126%37T

(g*s)
Springiness 0.8+0.1° 09+0.1° 09+0.1° 09+0.1*®
Cohesiveness  03%0.1° - 04%01° 04%0.1° 04+0.1°

Gumminess 854+287°  1242+266°  427%11.1° 12.1+22°
Chewiness  729+295° 11724253  398+121° 104£2.1°
Resiliense  0.1+0.02° 0.1+0.01° 0.1£0.01% 0.1+001°

Cutting 47014999  2138+675°  1447+31F  354%16°
strength(g)

4 NMeans within row with different superscripts are significantly different(P €0.05)
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Table 20. Effect of pH on the tensile and compress properties of washed MDCM

Tensile Compress
pH
value area value area
5 -108+18™ 395+58™ 633£5° 6329+ 542°
6 -171+11%® . 617141 1056+84" 10562+ 844°
7 -238+512 807+ 144° . T81x4° 7814+43°
8 -36+&° 109%25° 156+13° 1560+ 127°

=4 Means within column with different superscripts are significantly different(P <0.05)

Table 21. Proximate analysis of washed raw MDCM according to different pH of

meat

Moisture(%) WHC"(%, DB.) Collagen

pH * SSP(%, DB)
Uncooked  Cooked Uncooked  Cooked (%, DB)

5 89102 748102 19241188 72124’ 54102  69£0.01°
6 854101°  8L1104°  2376%104° T2145T 68104°  83+001°
7 82+01° 840104 379172 13201228 73102 1062%01°

8 920+01°  892%0.1° 6975%21.1° 3769+207 108+03"  144%01°
1) WHC = Water holding capacity, SSP = Salt soluble protein

DB. = Dry basis

#<4 Means within column with different superscripts are significantly different(P <0.05)
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Ab. AAAY FRE AT AFSH surimi AAV| & &Y

AN AL surimig AZ3}7] HH O AP 8% 49, @ 714
A9 Hxsg, Q 7HEEAe dedyt dsoddeln.

1) Y3 9889 MH

FHAE T8 AS swimig A2} & o ol&HE RuVlE A F
do] @& AFKE ol&dof FAHo|th YEAHY AFKFozE JALIA
4 (MDCM, mechanically deboned chicken meat)o]\} HZ¥F ‘é’é— B &
71 Al 3] 4% (MRCM, mechanically recovered chicken meat)o] it} 53] Atg =
Al(spent laye) 22 259 7ASE o487 AAHolT}.

2) 1A H23

AAMHE FYFEE B Eo) L £9sted QAU F2us} )
ol b5 AARHE ol MFAST & AP 225% AP R
49 JAMNZ 2AASH o] F Holvu YaH T/} £84 ©
Hdol} A AAS] A QYR o] Wasi,

3) 7t3 2R d&s

FARSLE H2 AT FEE Yt AT AAAN ZF e
ASED Ao £ 1282 2Y $= Utk FAL899) &rlz 27
(NaCl)e MASE2A $4SEd surimi] pHE AZAsE WAL Yis
2 3tk B FA8de 258 dE2 2AY YAt glo] AL A4
stmzA AAAol:, old we FAVAE FAANL Ad 4 Uk

oh. A48 E A piloty] FA4 R S5dye] ndHY
1) Y% MDCM, RCM 10kg2 micrwaver} 53 5& A7t

2) Ay A3 go] AMRFo] B A KL silent cuttero] ¥ 283 A3
NE=3
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3) 0.2-0.5% AFE 50kgT} MBS 10kgs E¥7)o) Yo 8837 100rpmo 2
Aeo.

4) Yol B F 8E AAAUL

5) E¥ES 2mmE meshol] JFAAA AAZAE AAA G

6) fAEE A &A 3,000mpmol A 2583 YAEAAY. ol &=} 03T
AZE FAATIE Aol AYEHE Ha Fo

7 AedTH FFF Ae AYE AA}L JHE FEAA Fo] MY F
e Zofg HYFE AARG

8) ThA] 0.2-0.5% AF 8L 50kg ¥ TYF WHoZ 338|717 AAjr)

9) ¥ YAHEYT AHELS FA geld}t AFo o] §3EA, ofYE IE
sorbitol 3 T YFEUAG WAAE H7ed FEEFAIA -18Tol| A @ dct
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2 A% suimie] $5HA R VA s1ge) %9
o AEE 2 A2 BE S B9 154 2A

1) %7 swimie) WEAZE 7154 A5

AgozRe £yug Azsy] Y84 98 ¥ 2258 AFHALT
SAE BEsT e 2w, 5 Wi SoN ¢Edsd de AALIAS
(MDCM, mechanically deboned chicken meat)st A}@E 7 = S(spent layer
meaye o] &3A. oF AZREY £ANUS FIANE AZIYG. E
13} go] 2 A¥e] ALY RESH £Yng YHzPe 2d YEKY &
e o 70%Q18 e Sns 85-86%2 oF 15% 27T oA A1H
o) s Eol FYHYAY] HEolth ojo] el A yAFL B Ko 16%0]
vlg] FEnie o 4%2 A3 i d&EN FHAREE Fozn 48
Se AP A 2Y + AN vdI FIE RS 125%%
14.0%0) 4 6.7%% 9.9%2 FAEUG olAe FARAANN $84 @uo]
WEE AASYL SALAOZ 05%] ATEL AHgse] Y o=
2 %9 Adoly] HEo) Y% 944 VUAE FdIRoYt 238 E
@ 2 gFol o 15% FE Z/EAY) Wl FUHoR FHu&o] R
295 gt _ ’ -

$A NAREASe By A2 £AnY WEAZF 429 WsE 1
Fstdch. E 29 go] HEL)E AZLES) 71z w gidte FE
2Pt AFLET}F B -10CTAAE WF27]0l Hd 2079 L'gte]l A3
AHHUk. B3 2FF AAGL YA Sering SHES 49 Ate
F7h o 2 %oz 2T B FHTE -BTANE AF 1057 ol F 3
WEst BA48 RFASE A%E RAt I¥AT YEE 40T o3 2AL
AN AFBFS AR 2 A Qo) ARHAG. 429 ¥yl 2W
N BB LE7t 40T LFolut AVFE A7 vzt FHAY A
2e FAA ' |

HAE@) o WatE 2W 23T ANFe AW Fh B HAE T
e A%ZE dAS Zasn o Y459 2aE BES wste A A
gz 4zEd £3% A¥Ee FAE HAEEL 10T -18TAH A

153



ZagRen, 2 oste 2ALANE W YA o]} Z& Mz W
EARLES YR 4BBAS} Qon, A5 -18TRY o BE SEA
AZE sojof AY A2 AAE 5 Yo AL AL Yt

zeule] AFF FAEb)Y W}E E 4004 2W 227 QML A
FME ZE AR L= delM Wl QAYAY, F& AR FAME -1
0T AR7IHZ Zase F%e RYow, -I8TANE nng Z2FHe
HYG BN FAEE -10CY -18TAA A3 A FPHlA Rehe
AAE HAFD Qo

Chroma7te WEA71A ¥& Sujol us YFANE o 1203 A3
= A% 9% 28U 99 458 SN E Ay L9 7| 4w
glol @AE Wst AATh E 6] A sk 2] hue anglerts -10T AFZFo) @
87} AsA Vebgt. FAATE -10CHH AFT A9 hue anglest= A
2719 47550100 AAFE 7Asy) A& WE 2030 3842 273
25T -IBCANE 22D -10Te ¥8) ZaZo] THAATG. 2
gy AH7M9 hue angleZt= Awtg Z8E Holx ot HolA BE nupg)
Zo] -10CAM AA7LFE 238 Z/ste A% RAY. olg Zo| hue
angleZ7l= H3 F2 YEFXT dYoA EAdAHF HYL P}

#ane] WEZ A7 WaE -10THA u$ Bagsgon, -18CAN
£ 9% MZYRo] guts WHAY. W Fane 42 A% FAA
o8 HEIHY] A HA -18CYH I B ¢ B XXM AFsE A
ol MiFAHRT, ¥EF M2} FAE ¥ X7 Bastn BRIAY.

YELEY ARVRES AN 2HUtE ZAGT E TA
uie} o] FATFo ¢H7}S(compress strength)S B %7} ulay
-10CAA A/ FE ¥F 199 4lgojget dF 2054 2831go. 8
sk 28U -18CY 2 0159 LERAME ARF AAE Zstsm U
olo] HE FHNTFE AZLEY ARAFY E ¥/ g dEN &
F 3% Q4G 02%E Fnlo] A AL HA -18Colst N AAbeop
ol o3 gele AZFHES A ALAH FAAFEE FAE & 7 AL R
ojck. gl 2l FAE geld] 7 =(hardness)= Aol ®ls A HE #FA
ok EolA REutg go] WEARAE J¥TY AEWEHE BY -10T

Hr e
ot re rir

o

154



A A3 Ftstn Utk 2 olFe] 2EA AZE A9 A W A
th 2gA% F HA7le -10CANE 2 Wt T 458 A Sn
gel ZEE A% -10CAAM &3] Wsr] dE) F42E -18C olstalA A
Felof B4Rt E XY = Qo

H 9o BiE v} o] fracturability®= WEAFA 3t FA e Hgo)
At WE7IAFA FHFTFY fracturabilitye] ¥BE BA -10C AFTFAN
HEHAUT F, ¥F 149 90.0gold oy ¥E 20F0E 393.0g02 FF38Y
o 2ZAT 2 o)ty 2xeM ARZFAY FANTE AR LEFUH A
F7135< & Wsst gl

4 & 2 (Adhesiveness)& A SEFAAN AFFA Hase F¥S B4
(X 10). -10ColH AT AFYL AF 5T AMAY 022 71540
BAFHRXt. -10Cel ZHATE AFx7)9) -6240) 04 AF 2050 & 209
2 % 23 ol EOEUT. -18ToM F H/TFE AF 205 7] H
ol 23 vhg oY WM HAHL AFLET g1 dL HHY T
AT E o 333 HLde A% HYd .

AL s} 71tel WE springinesse] WE AFLEs Fufol YT
T ARFT F3Y S8R, e AY #ise AL RAd
Cohesivenesst= 2 %7} H|23 E& -10C9 GA/ITFAA AZE: ZF7139.
F7tEol e GRATL -18TANE 4 F7hsts 28E 2d. 337}
TE BW -10CAAN AZ7I0FTA 3 ZAAUL B 12 o)dy LEAME
A3tz itk 4 A (gumminess), chewiness, resilience’=. cohesiveness$} Zro] -1
0C AAFA F7tatxn drt. ol o] KA 7IALZARLE A2 Fv]
o] 7} o3 FAHE geld] 7|AAHY EHEHS 843 dE HE 7
FE AT FEG YF2Rd 9% d@¥de WAL JusiA geda @
F A A% FHuE YFAZAIHE 9& A/NYE A$ -18T olFdAN
A8t Fo] utF A, FE HMY HLE -18C AFANE AT Ao
2 gesd

155



Table 1. Physiochemical composition of materials

Spent layer Surimi from Surimi from
meat MDCM Spent layer meat
Moisture(%) 708710.14° 69.331064° 86.24+0.29° 85.30%0.38°

Crude ash(%) 0.78.0.02° 128+0.03 325%0.01° 04520.02°
Crude lipid(%) 16880.11°  16521085°  448+007° 371035
Crude protein(%) . 1251£061° 14041009  66610.29" 9.88+007°

Parameter MDCM

*4 Means within column with different superscripts are significantly different(P<0.05)

Table 2. CIE color L' value of surimi from mechanically deboned chicken meat
during frozen storage

Storage period

Temp(*C) Treatment”
Unfrozen 1 day 5 weeks 10 weeks 20 weeks

Salt 6580%0.18 6261040 63.44£049" 62.17+037° 61.3%0.19°

0 Gugar  GS8TE0Y 6066038 BATHOIS FIELH0 5604007
g Sdt 6580018 6298062 6L62£023" 636406 6427£032°
Sugar 65871037 6154+047° 59.39+024° 61422033 6152016"
40 Salt 658010.18 62.65+0.10" 63.70£050" 6349+0.35" 65.1610.45"
Sugar 65874037 62831047 61594019 6316£015° 6333+035"
o St G018 (RI3£050" GRIL0IS" 6402£025" 6183£021"

Sugar 65.87+0.37 61.4710.29™ 61.73£007* 63.77£0.11* 6371+0.17°
L value of unfrozen control was 65.29+0.26
Y Control: surimi with watef _
Salt: Surimi with 3% sodium chloride + ‘0.2% sodium tripolyphosphate
Sugar: Surimi with 494 sorbitol + 4% sucrose’

®ed  Means within column with different superscripts are  significantly
different(P<0.05)
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Table 3. CIE color a  value of

during frozen storage

surimi from mechanically deboned

chicken meat

Temp(C) Treatment” - Storage period
o - Unfrozen 1 day 5 weeks 10 weeks 20 weeks
10 Salt 1280£0.13 12.35£041* 986+0.38" 1061£026° 887+0.56"
Sugar 13124024 1132+026° 1224+0.11° 1462+0.11° -1432%0.36°
g S 12.80%0.13 1243+0,06 10.07+020" 11.39+021° 855%0.39"
Sugar  1312+024 12.08+0.08" 1233+034° 1351£0.15° 1275+0.13°
| St 12.80%0.13 10.47+0.18° 11.06£0.10" 1220£0.32" 1167+047"
Sugar 13124024 1272%0.02° 12.80£0.12° 1347+009" 12.17£0.22
P 12.80+0.13 10.59%0.33" 11.06+0.13* 1199+002" 11.67+0.17*
Sugar 1312024 1227%013° 1227+012° 13.04+0.26° 116+031°

a value value of unfrozen control was 12.95+0.44

" see foot note of Table 2

Table 4. CIE color b value of surimi from mechanically deboned

during frozen storage

chicken meat

Storage period

Temp(C) Treatment"’

L Unfrozen 1 day 5 weeks 10 weeks 20 weeks

""" 10 Salt 14504023 13.9919.17" ,. 15.007:0.12“ 1540£031" 1478+024"
Sugar 13993021 1246005 1243005 1298+003° 1136+031"

18 Salt 14.501“0.23’ 1.3'42%0'02” 14.'08i0.19“. 1489004 1465022"
Sugar 1399+021 1264+015° 1271+0.12° 1330%0.13" 1281%0.15°

0 Salt 14.5010.23. 1360024 13.77;0.06“ 1392+0.06° 13.74£020°
Sugar 13994021 1250+006° 1237£006° 1321£009® 1254007

'''''' Salt 14501023 13.78+0.10% 13.56#0.11“ 1393+004° 1369%0.11°

& Sugar 13991021 12454042 12364022 1324+012 1243+001°

b" value of unfrozen control was 13.52+0.27

" see foot note of Table 2
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Table 5. Chroma value of surimi from mechanically deboned chicken meat during

frozen storage

Temp(C) Treatment”

Storage period

Unfrozen . 1 day 5 weeks 10 weeks 20 weeks

10 Salt 19334025 18001040 1794+030° 1867+042" 1723049
Sugar 1910032 1683+0.17° 17.44%£010° 1955+009° 1827+0.45"

18 Salt 19334025 18291003" 17.32+026° 1874+014* 1696+0.34°
Sugar  19.10£032 17.48%010° 17.70+032° 1895+020° 1807£0.03"

40 Salt 19334025 17162026 1766010 1851+026" 1803+0.44"
- Sugar 1910%032 1789+005° 17.79+£007° 1887+0.13° 1747013
%0 Salt 1933£025 17.38+0.27™ 17.49+0.17" 1838+0.03* 17.98+0.20"
JSugar 19.10£032 1747+039° 17412022 1858+020° 17+022°

chroma value of unfrozen control was 18.9110.5]

D see foot note of Table 2

Table 6. Hue angle of surimi from mechanically deboned chicken meat during
frozen storage
Temp(T) Treatment” Storage period
Unfrozen 1 day 5 weeks 10 weeks 20 weeks
_10 Salt 48.60+0.24 46:70£0.63° 56.73£0.83" 5550+037" 59.1+1.20*
Sugar 46701008 47.8010.70° 4550+0.16" 4157£0.24° 384*057°
_18 Salt 48601024 47.21+0.12° 54.43%0.12° 52.70+050" 59.77+0.95"
Sugar 46701008 46.37+045° 4597+052" 44.47%0.09° 45131068
Salt 48601024 5250+057" 51.27+0.12° 4883+063° 49.77+0.84"
0 Sugar 46701008 4467+0.12° 4393+0.40° 44.00£001° 4593+0.63"
80 Salt 4860024 5250075 50.83+0.12° 49.30£008° 4963%0.19"
Sugar  46.70+008 454310.70™ 45.17+045" 4547068 4703%0.71°

hue angle of unfrozen control was 45.951+0.16

1)

see foot note of Table 2
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Table 7. Compress(g*cm) test of surimi from mechanically deboned chicken meat
during frozen storage

Storage period

Tenp(*C) Treatrrent”
Unfrozen 1 day 5 weeks 10 weeks 20 weeks

Salt 367114 441%+1%  1814%1* 4869+59% 2832+44"

_1,0 Sugar  241+1  149+1*  379+3* 9135  267+12°
18 Salt 367+14 425+23% 168+3®  328+4“  436+45°
Sugar  241*1 923+4° 180*17°  134%4°  128+2(°
10 Salt 367t14 205+6°  343+6 486+15*  418+5P
Sugar 241+1  145+4% 22234+9° 133+14° 228+30°
. Salt 367114 284+5°  314*5° 572%+56°  430+12%

Sugar 241*1 836%*1° 1661%1° 122+1°  320%1°

" see foot note of Table 2

Table 8. Hardness(g) of surimi from mechanically deboned chicken meat during

frozen storage

Storage period

Temp(T) Treatment”
nfrozen 1 day 5 weeks 10 weeks 20 weeks

Salt 1004 79514 193+116" 451+344" 394+578"

10 Sugar  BIE]  S5:24 MIEILE I8EIAL 600438
18 Salt 100t4  806%08" 521+39° 899+08° 805t25"
Sugar 751*1  459+08" 738+0.7" 572%15° 56807

a0 Salt 100+4 635207 59.3*11° 776%02° 622+25°
_________ Sugar 75.1%f1 864%03 69.1+36° 593%+03° 63813
% Salt 1004  656+24° 711%£35° 654+1.1° 563+12%

Sugar 751%*1  780%01° 692+03° 575+06° 597+15°

" see foot note of Table 2
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Table 9. Fracturability(g) of surimi from mechanically deboned

during frozen storage

chicken meat

Storage period

Temp(T) Treatment”

Unfrozen 1 day 5 weeks 10 weeks 20 weeks

» Salt  100£38 909%22% 192+116° 451+344" 394578
Sugar 751%05 685t22 950+85" 201.3+91° 60.0+39°

8 Salt 100£38 81.0+12° 526+70° 80.3+02° 805+25°
Sugar 751205 458%12° 775%30° 591%12° 568%0.7°

10 Salt 100£38 683153° 593*+11° 776+02° 613+29"
......... Sugar 751%05 864+03° 709%39° 503+03° 730%22"
Salt 100£38 80+27* 711+35° 630+37° 687+57"

0 Sugar 75.1%£05 780%0.1° 692+03° 633+21° 726*23"

Y see foot note of Table 2

Table 10. Adhesiveness(g*s) of

during frozen storage

surimi from mechanically deboned

chicken meat

Storage period

Temp(C) Treatment’

Unfrozen 1 day 5 weeks 10 weeks . 20 weeks

10 Salt  -796%127 -~771+25.7° -050%£004" -161£248" 029%0.07"
Sugar -644%01 -624%135° -491*16" -132+05" -20917¢0°

18 Salt  -796%127 -353t49"° -416160° -432+20° -237+89°
‘ Sugar -644%01 -231%46" -487+56" -588*10° —47_.._71“0.9'.’.”
. Salt  -796+127 -547+22% -428+45° -622+55° -464+74°
! Sugar -644+01 -546%28% -403+08 -607t45" -391%22°
P -796+127 -75578" -349%+19° ~469+16° -389+21"
Sugar -334126™ -308+23" -547+90° -393+44°

-644%0.1

D see foot note of Table 2
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Table 11. Springiness of surimi from mechanically deboned chicken meat .during

frozen storage

Temp p Storage period
Treatment

Unfrozen 1 day 5 weeks 10 weeks 20 weeks

Salt 092+001 082+008" 086+002° 090+001" 091+0.01"

0 Sugar 095%002 089+001° 092+002° 095£001° 0.83+002°
18 Salt 092+001 090+0.02* 087+002° 091+001" 087%0.02™
Sugar 095%002 081%001° 090£0.02° 087%003" 0871002
40 Salt 092001 089002 093+0004* 0.8810.02“. 0.84£001°
Sugar  095+002 086+002° 088+001* 085%001° 09+001°
&0 Salt 0924001 095+001* 092+001* 089+001* 0.89+0.01°

Sugar  095%002 0841004 088+0.02° 080+0.02 087£001"

see foot note of Table 2

Table 12. Cohesiveness of surimi from mechanically deboned chicken meat during

frozen storage

Temp " Storage period
A(°C) Treatment Unfrozen 1day 5 weeks 10 weeks 20 weeks
10 Salt 037£002  036£001° 039+003" 050£003" 051£002°
Sugar  033+002 036%002° 042%£001*° 043+003° 029%0.03°
Salt 0371002 0381001 043+001* 041+0.02° - 041001
8 Sugar  033+002 037£002° 037+002° 037£001° 038%001°
""'”_40 """ Salt 037£002  039£001" . 0441001 041001 0.4:qu1”
Sugar  033+002 038%001° 037£003" 039+001° 04%001°
"""" 0 Salt 0372002 037£0.004* 043+0001* 040001 039+001°

Sugar  033%002 038+003" 040%£003° 0411001 0.4+0.02°

D) see foot note of Table 2

161



Table 13. Gumminess(g) of surimi from mechanically deboned chicken meat during

frozen storage

Temp ) Storage period
. Treatment
(C) Unfrozen 1 day 5 weeks 10 weeks 20 weeks
o  Sat  dmElo 31.3+32" 525+88" 258154.9A 150104
Sugar  223%01 193*11° 344*107° 81.6+33" 318+28
8 Salt 37110 305911.6A 1987+0.3° 3548+42° 240+16°
Sugar  223%0.1 154%06° 264+04° 235+12° 224+02°
40 Salt 37110 318+19* 260+01° 302%11° 191+35°
Sugar  223%01 27.3+09° 258%40° 234+07° 219+02°
&0 Salt 371+10 233+06° 307%16° 256+04° 246+19°
Sugar  223%0.1 28145 277+26° 21717  239+05°

1)

see foot note of Table 2

Table 14. Chewiness(g*mm) of surimi from mechanically deboned

during frozen storage

chicken meat

Temp Treatment Storage period

(C) Unfrozen 1 day 5 weeks 10 weeks 20 weeks

o, Set 4108 5841 F52+158" 231+468" 1378 1A
Sugar  206+30  173+05" 311+95 739+28  161+31°

18 Salt 341+08  278+22% 169+07° 322+39° 263+15°
Sugar  206+30  124+05" 23508 201+13" 18607

10 Salt 34108  284%23% 242+01"® 261177 20718
Sugar  206%30 239%15 22737 203+12° 243%17

% Salt 341+08  210£05° 283t19" 229+04° 196+05°
" Sugar  206%30  239+48 243*14 195+13" 205+05

1)

see foot note of Table 2
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Table 15. Resilience of surimi from mechanically deboned chicken meat during

frozen storage

Temp y Storage period
Treatment
_ Unfrozen 1 day 5 weeks 10 weeks 20 weeks
10 Salt 0.12£001  014%001* 020%0.004" 027£003* 032+001%
Sugar  008+001 012+002*° 015%001*° 014£0.004* 006+002°
8 Salt 012£001  0.12+001° 012£001° 0.12+001° 014001
Sugar  008+001 010£001*° 012+001* 011%0.02° 012+001°
Salt 0124001  011£001* 012+001* 015+001* 013001
0 Sugar 008001 010+001* 014002 011+0002° 0.12+0.01°
%0 Salt 0.12+001 0.10£0.01° 0.13£0003® 0.13%£001® 0.13+001"

Sugar  008+001 0.11%0003" 0.11%£001° 013%001® 011£001

" see foot note of Table 2
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Table 16. CIE color L™ value

of surimi from spent layer meat during frozen

storage
Temp y Storage period
Treatment
(C) TEEE " Unfrozen 1 day o weeks 10 weeks 20 weeks
Control 6340+0.76 56.63*0.44% 5756+0.25" 55451037 54.21+0.16"
-10 Salt  6160%0.79 5861%0.05° 60.25£054° 59.26+£025° 57.76+0.02"
Sugar 6253%0.18 5899+084" 56.20+023" 56.41+024° 5520%0.35°
Control 6340%0.76 58.63%021" 56.75+0.65 54.6810.4_8"' 55.8410.26°
-18 Salt 61601079 62.46+0.18" 61.99+032* 60.77£028" 60521022
_______ Sugar 6253£018 60.94%£051° 57.211£0.31° 5765%£0.19° 56.20%021¢
Control 63.4010.76 60241062 60.9710.22" 61.90+021* 5964+0.11"
-40 Salt 61601079 62461+0.18" 59.91+0.18" 59.81+0.46" . 59.010.04"
Sugar 6253%0.18 60.65+040° 59.65%0.39° 60.2610.08" 59.06+0.14°
"""""""""""""""""" Control 6340+0.76 61.27£0.86™ 62.71+0.30* 62.06£0.44” 61.49£0.10°
-80 Salt 61.60+0.79 62841066 606710.17° 61.80+043" 5862+0.17"
Sugar 6253%0.18 61.37£031° 6168%0.10° 60.90£043 59.79+0.09°
Y Control: Surimi with water
Salt: Surimi with 3% sodium chloride + 0.2% sodium tripolyphosphate
Sugar: Surimi with 4% sorbitol + 4% sucrose
#b*e'd®  Means within  column with  different superscripts are significantly
different(P<0.05)
ABCD . Means within column with different superscripts are significant}y
different(P<0.05)
®ed  Means within column with different superscripts are  significantly
different(P<0.05)
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Table 17. CIE color a value

of surimi from spent layer meat during frozen

storage
Temp Treatment” Storage period
(C) Unfrozen 1 day 5 weeks 10 weeks 20 weeks
Control 1417%019 12131020 1146061 1340+0.78" 12.17+0.39”
-10 Salt 1470+0.17 1238+034° 1001£0.17° 10.33+026° 860+0.40"
Sugar 14191005 1226+012° 1389%0.18 1535+005° 12.62+0.24°
Control 1417%0.19 11581019 1245+023" 12.94+055™ 141+0.24"
-18 Salt 1470017 1497+017* 1014£0.10° 906+019" 850+0.24"
Sugar 14191005 1305+052° 11994005 1237%0.18" 11211018’
Control 14.17%0.19 11.99+0.15™ 11.73£0.15™ 12.02+040™ 12.12+067"
-40 Salt 1470017 1455+034% 12721028 1245+012° 1011+0.06°
Sugar 1419+005 1236+020° 1145+043° 1158+025° 1087+0.25°
Control 1417%0.19 1225+033" 11651035 11.66£062” 11.09+0.72"
-80 Salt 1470+0.17 1457+009* 14.49+0.16" 13.86+030" 1361+0.20°
Sugar 1419+005 1222+007° 1178015 1162+0.11° 11.11£0.11°

1

Table 18. CIE color b value

) see foot note of Table 16

of surimi from spent layer meat during frozen

storage
Temp Treatment” Storage period - :
= (C) Unfrozen 1day 5 weeks 10 weeks 20 weeks
Control 1373+0.26 1191022 1298+0.18" 1301+0.05™ 1251%0.09"
-10 Salt  1483+010 1244+013% 1378+010° 1398+013" 1387011
Sugar 13624006 1219%020° 11.06+0.19° 1253+007° 1166+0.06°
""" Control 1373+026 1253+0.11" 12.81+0.37*" 12484008 1299+0.19"
-18  Salt 1488+0.10 14601015" 1333£009" 1334+0.12° 1373£007"
___________________________ Sugar 13623006 1278+018° 1170009 1233%008° 1169015
Control 13731026 12.83£0.11*" 1282+0.06" 1320%0.14" 1236%0.16™
-40 Salt  1488+010 1436%012" 1342%0.13% 1346+004® 13.18+0.08"
Sugar 13624006 1240+006° 1164+015° 12.48+0.06™ 1225%0.20°
Control 13732026 1291+0.15" 12.86£030° 1295+0.03" 1254+0.16™
-80  Salt  1488+010 1460%1015* 1442+0.19" 1388+021" 1392+0.12"
Sugar 13621006 1296%006" 1264+017" 12711018 1215%0.07°

D see foot note of Table 16
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Table 19. Chroma value of surimi from spent layer meat during frozen storage

Temp y Storage period
Treatment
(‘) Unfrozen 1 day 5 weeks 10 weeks 20 weeks -
Control 19.73+032 17.00+0.30™ 17.31£054" 1868+053" 17.45+0.34”
~10  Salt  2088+018 1755+033° 17.03%0.16" 17.37£017° 1587%051"
Sugar  19.06%007 1728+021° 17.75£025" 1981+009° 17.18+0.19°
Control 19.73%032 17.06£0.16™ 17.86%037 1798+044™" 19.09+0.25"
-18  Salt  2088+018 2090+023" 16.74*0.12° 16.12%0.18" 1615+0.06™
Sugar  19.06+007 18261049" 16751004 17.46%014° 1619+022°
Control 1973+032 17.56%0.14™ 17.37+0.14" 17841037 17.31+047™
-40  Sat  2088+0.8 2044032 1849+029° 1833+0.09° . 1661%0.10°
Sugar  1906+007 1751%£0.17° 1632+039° 17.02+0.13° 1637+032°
Control 19.73+032 17.80+0.34% 17.35+045™ 1743+043"" 16.74+060"
-80  Salt  2088+018 2091%0.17" 2043+025" 1962+0.36" 19.46+0.22*
Sugar  1906+007 17811009 1727£022® 1721£020° 16.46+00%°
Y see foot note of Table 16
Table 20. Hue angle of surimi from spent layer meat during frozen storage
Temp y Storage period
(C) Treatment Unfrozen 1 day 5 weeks 10 weeks 20 weeks
" Control 4401016 44431005" 4863+108" 44201184 4583074
-10  Salt 4550£0.16 45202057 5410+037" 5363+0.78" 60.33+2.32*
Sugar 43701005 4480+036° 3850%0.22° 39.17+0.09° .. 4267+0.49°
Control 4401%016 47.33+047" 4583+0.76™ 4393+1.14" 4283+104™
-18 Salt . 4550%0.16 44.20%008" 52.80+0.22° 5587+050" 58.27+0.83"
_________________________ Sugar 43701005 44371083° 44231033 4490+050° 4630102
Control 4401+0.16 47.00+0.37" 47.60+0.22" 47.73+066" 4563+1.76™"
~40  Salt  4550%016 4460042" 4660+037 4730£024° 52.60%0.01"
Sugar 43702005 4510+043° 455310.84° 47.20+073" 4843+0.26°
Control 4401016 4660+045" 4787031 4813%144" 4863+143"
-80  Salt 45501016 4420£0.14° 4480008” 45004028° 45732017
Sugar 4370+005 46.73+009° 47.07£025 4763+012°  47.60+033

!

) see foot note of Table 16 '
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Table 21. Compress(g*cm) test of surimi from spent layer meat

during frozen

storage
Temp u Storage period
(c) TreatmenF Unfrozen 1 day 5 weeks 10 weeks 20 weeks
Control ~ 856+15 1114%45" 1192+33" 2413+51* 1313+89"
-10  Salt 967126  753+14° - 423+35°  2639+626" 2609+167%
Sugar 107424 1116£18° 3036+188° 3753+94°  1247+76°
Control  856+15  1342+34" 13554+23" 2099+61"  825+96~
-18 Salt 967426 1335425  B6T165°  77460%  798%37°
Sugar  1074%24  2076*15° 3074%255° 2879169  2226+205
Control  856+15 1375%57* 1313+49™ 1509458 156378
-40  Salt 967126  896+20° 1306+38%  1432+24°  1088+127°
Sugar  1074%24 2373+38" 1864%16°  2612+111° 14271 +994°
Control  856+15 1283+38™" 1422427  373+8" 129172
-80  Salt 96726  1066£73° 1256+28*  537+30°  1079+52°
Sugar  1074+24 1468+26"  1729+7°  2046%61°  2289+111°

see foot note of Table 16

Table 22. Hardness(g) of surimi from spent layer meat during frozen storage

Temp T o Storage period
() Unfrozen 1 day 5 weeks 10 weeks 20 weeks
Control  219%8  291+6* 243+15" 444+13"  326+6*
-10  salt 2045  197+3%  184+3*  377+36* 514+47°
Sugar  218+2  337+2®  441+33* 575+50°0 321+1°
Control  219%+8  277+17* 3397  496+29" 276+17™
-18  salt 204+5  195+9%  162+1%  179+3P 181 +3B
_________ Sugar 218+2  315%5™  320+32°  453+4° 365+ 2°
Control  219%8 256+5™ 17765  246%+1°  334+4*
-40  Salt 2045  205+2%  153+1°  1741+10°  182+6P
Sugar 218+2  353+1* 307£50™ 3/5+13°  312+11°
. Control  219+8  237+5™  190+6*  106+2*  278+8"
-80  Salt 2045 223+11%  166+1®  1341+7°  186+5P
Sugar 218+2  208+12° 213+12° 377+32°  340+26®

see foot note of Table 16
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Table 24. Adhesiveness(g) of surimi from

Table 23. Fracturability(g) of surimi from spent layer meat during frozen storage

Temp Storage period
Treatrent”

() Unfrozen 1 day 5 weeks 10 weeks ™ 20 weeks
Control 2198  291+6™ 239+13™ 476+18* 314+19*

-10  Sait 201+1  197+3%  134+3®  399+21* 5144472
Sugar _ 218%2  337+2® 553+35° 5650+30°  417+14°
Control 2198 277+17" 336%1* 5017+34* 255+8”

-18  Salt 2011 195+9%  169+2®  174+29®  181+3%
Sugar _ 218+2  315%5™ 353+17° 533+21°  409+14°
Control 219+8  256+5™  218+1™  256+12"  334+4*

-40  Salt 201+1  205+2% 157+13® 1881*17°° 202+5°
Sugar  218+2  353+1*° 267+18° 300+30°  383+7°
Control  219+8  237+5™  187+2"  104t4=  278+8™

-80  Salt 201+1 222+11%  237+21*  132+¢9° 211+4°
Sugar  218+2  208+12° 26619  402+7°  3081+12°

D)

see foot note of Table 16

spent layer meat during frozen storage

Temp T Y Storage period

(C) reatment Unfrozen 1 day 5 weeks 10 weeks 20 weeks
Control -942%04 -104+01™" -828+139" -153+497" -398+150"

-10  Salt  -924%01 -9%4t164" -475%16* -85+22" -137+03"
Sugar  -679*12 -165%21.1° -339+110° -218+349° -853*88"
Control -942%04 -870+37° -795%152" -166*116" -779+67"

-18  Salt -924%0.1 -117+45%  -563%6.1% -777+56° -599+41°
Sugar -679%12 -175*12° -177£155°  -184+582" -847+9(°
Control -942%04 -120%152" -80607* -102+126™ -839+139”

-40  Salt -924%+01 -797+53% -537+143* -119t181° -547%12°
Sugar.  -679%12 -1712%62° --719+101* -140*151* -111+234°
Control -942%04 -872+07° -568+46" -5151124* -52.0%50"

-80  Salt -924+01 -870*113* -374+53* -536%50° -745t58"
Sugar  -679*12 -138+305° -793t10° -102+118° -87.7+%45°

) see foot note of Table 16
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Table 25. Springiness of surimi from spent layer meat during frozen storage

Temp Treatment" Storage period

(T) Unfrozen 1 day 5 weeks 10 weeks 20 weeks
Control 094%001 09510003 092+002" 095£0.01" 0.92+001™

-10  Salt 09240003 091£0001* 0838+002" 085+0003° 087%0.01°
Sugar 0931002 090:0001° 095*002° 095+001° 091+001°
Control 0941001 0921002 091£004" 09410002 09+0.02"

-18 Salt 092+0003 093+001* 092%003* 093£0.004® 092001
Sugar 0934002  092%001°  095+001° 09410001 092+001°
Control 094001 094%0002™ 092£003" 095001 093£0.01*

-40  Salt 09210003 0931001* 091£002" 094+0003* 092+0.02*
Sugar 0931002 092+0004° 096+0004° 092%001° 091+001°
Control 094%001 093+001® 092+0.003" 092+0008" 09%001*"

-80  Salt 0920003 053+001* 092+002* 093£0005° 092+001°
Sugar 093%002 082+001° 093%001*° 093+001* 091001

see foot note of Table 16

Table 26. Cohesiveness of surimi from spent layer meat during frozen storage

Temp Treatment" Storage period
_(T) Unfrozen 1 day 5 weeks 10 weeks 20 weeks
Control 039001 041001 041%001" 0451001 044001
-10  Salt 0.38+003 040£0001" 0441002 048%001" 049+002"
_____ Sugar 041001  041*001° 0461002°, 0471001° 043+001°
Control 039+001 038+001" 043+003" 045+001" 041+001"
-18  Salt 0384003  038+001" 042+004" 044+001° 043+001°
Sugar _ 041+001 _ 041£001°  042+001°  045£001°  043+001°
Control 039%001 043%0001" 0412001 045+001" 042+001”
-40  salt 038+003 041+004" 043£002" 042%001° 041£002°
Sugar _ 0412001 040%£001°  041+001° _ 041£001° 043%001°
Control 039001 ~ 040003 042+001" 037001 * 041£001"
-80  Salt 038+003 043+001* 042£001" 042+001° 04%001°
Sugar _ 041*001 041+001° 042+001° 040001 041+002°

see foot note of Table 16
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Table 27. Gumminess(g) of surimi from spent layer meat during frozen storage

Temp Treatment” Storage period
(C) Unfrozen 1 day 5 weeks 10 weeks 20 weeks
Control 877120  116+06 100£45” 204+123" 142%40%
-10 Salt  724%05 779102* 761+27° 182+21.7% 2531+342°
Sugar 88010 1402+41*° 201+222° 283+37.9° 138124
Control 87.7+20 108+79* 129+24* 221+160* 102+146"
-18  Salt 724105 761+15° 704%01* 781+14° 788+28"
_______ Sugar . 880+10 1249+09° 134+178° 209+160° 159 39°
Control 87.7£20 1128+54* 71.7£30% 112433  140+0.7
-40  Salt 724105 841103* 61.1+18% 67.75£26° 754t14°
Sugar  880+10 141102 1243%160° 163+36° 156*127°
Control 87.7+20 10424 787+131° 39112 118+69"
-80  Salt 724105 864+46" 683+17% 527+55° 733+42°
Sugar 88010 1243+22° 882+64" 155+112° 1484+181°

1

) see foot note of Table 16,

Table 28. Chewiness(g*mm) of surimi from spent layer meat during frozen storage

Temp Treatment” Storage period
() Unfrozen 1 day 5 weeks 10 weeks 20 weeks
Control 820+22 108+14™ 927+63" 19494  130+40%
-10  Salt 662107 718+11" 668+t08* 155+180% 221+284°
Sugar 83603 125%57® 1871205° 272t444° 125%06°
' Control 820%22 928+88" 115%16™ 209+154" 910+146"
-18 ° Salt 662107 70509 622+0.1° 738%19® T71.1x24°
Sugar  836+03 115+24° 1276%179° 199%129° 14737
Control 820%22 102424 645+23° 10637 129+3.4*
-40 Salt 662107 788t01° 553+0.1° 641126 69.410,2”
Sugar 836103 120104 127+179° 147142°  133+93®
Control 820%t22 969134 725109 362115 106165
-80  Salt 662+0.7 884%33% 63.1+04° 493+46° 6737
Sugar 83603 ° 114+34° 81.7+48 144+112° 131+90"

see foot note of Table 16
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Table 29. Resilience of surimi from spent layer meat during frozen storage

Temp

Treatment”’

Storage period

Unfrozen 1 day 5 weeks 10 weeks 20 weeks

-10

Control
Salt
Sugar

0.131£0.002 0.14£0.002" 0.14£0.010*" 0.15%0.011* 0.16+0.010*
0.15%0.030 0.14£0.003* 0.17£0.010* 0.21%£0.011* 0.28+0.010*
0.13£0.009 0.13£0.011° 0.21+0.051° 0.16%0.004* 0.15%0.001°

-18

Control
Salt
Sugar

0.13£0.002 0.14£0.010™ 0.17£0.001*" 0.15%0.003*" 0.12+0.001"
0150030 0.13+0.004* 0.18+0.004* 0.16£0.011" 0.15+0.021"
013£0.009 0.09£0.010° 0.16%0.004" 0.14+0.001° 0.15+0.002°

Control
Salt
Sugar

0.13+0.002 0.13£0.010" 0.15£0.010* 0.16+0.001*" 0.16+0.010*
0.15£0.030 0.15+0.010" 0.17£0.011* 0.14%0.005* 0.13+0.001"
0.13+0.009 0.13+0.010° 0.19+0.001° 0.14+0.011° 0.12%0.001°

" Control

Salt
Sugar

0.131£0.002 0.13£0.010" 0.16+0.010* 0.12+0.011* 0.15+0.011*
0.15%0.030 0.14+0.010" 0.18+0.003"* 0.13+0.008" 0.12+0.001"
0.13£0.009 0.14%+0.010° 0.18+0.003" 0.16+0.007" 0.14+0.010

Y see foot note of Table 16
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Fig. 1. CIE color L" value of chicken surimi during storage at 5°C. MDCM, Control:
surimi from mechanically debond chicken meatMDCM) with water, MDCM, Salt: surimi
from MDCM with 3% sodium chloride + 0.2% sodium tripolyphosphate, MDCM, Sugar:
surimi from MDCM with 4% sucrose + 4% sorbitol, Spent, Control: surimi from spent
layer meat with water, Spent, Salt: surimi from spent layer meat with 3% sodium chloride .
+ 0.2% sodium tripolyphosphate, Spent, Sugar: surimi from spent layer meat with 4%

sucrose + 4% sorbitol.
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Fig. 2. CIE color a value of chicken surimi during storage at 5C.
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Fig. 3. CIE color b" value of chicken surimi during storage at 5.
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Fig. 4. Water holding capacity of chicken surimi during storage at 5C.
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Zol d8& ZIEdA RY Yeuy wHAAY A2 £ §8Y5FE FAA
A NMFAE 48 FHNL F U

AL wu ] YFEAY XS AN dnHoz off S AL
I AT LT AUd, e BHY HE 27 dE Aoz vy
a2z 7HEARE FEue £F 3% + S£HE 4% + A9 4% AU
FHAZ AQUF 02% + &HE 4% + Mg 4%E & Hasts Ao wry
Aoy Bog.

Table 30. Effect of cryoprotectants on the pH of surimi from spent layer meat

during storage at -18°C

Treatment"

Storage
period Control Salt No salt Combi-1 Combi-2

1 day 7271001 7.27+001 7.46+0.02 7241001 7.27+0.01
7 weeks  7.20%0.01 7.19%0.02 7.20%001 7.20+001 7.20+0.01
14 weeks  7.62+001 7.37£0.02 7.80%+001 7.29+001 7.32+0.02

" Control: Surimi
Salt: Surimi with 3% sodium chloride + 4% sorbitol + 4% sucrose
No salt: Surimi with 0.2% sodium tripolyphosphate + 4% sorbitol + 4% sucrose
Combi-1: Surimi with 3% sodium chloride + 0.2% sodium tripolyphosphate + 4% sorbitol
+ 4% sucrose '
Combi-2: Surimi with 3% sodium chloride + 0.2% sodium tripolyphosphafe + 8% sorbitol

+ 8% sucrose
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Table 31. Effect of cryoprotectants on CIE color value of surimi from spent layer

meat during storage at -18C

T 1)
Color  Storage reatment

value periods Control Salt No' salt Combi-1  Combi-2

1 day 66721025 6302045 63201042 62141055 6322+0.28
L' 7 weeks 61801083 62271055 61.16%040 61101006 6211+0.25
14 weeks 6260051 6282%£039 606+018 61.98+013 61.49%0.29

1 day 873+048 808+0.15 8401021 7.06+061 804%+0.29
a  7weks 9551023 8461017 8911006 858%0.19 834%0.03
14 weeks 855009 818%£005 839+039 81301 806%0.03

1 day 13032015 1294004 1266%0.16 1256033 12.85+0.22
b" 7 weeks 1269%0.06 13321014 1270010 13651009 13441002
14 weeks 1286011 13621015 1232+007 1367%0.07 13.64+0.07

1 day 1568+0.37 15241011 15191024 1440+059 1515%0.34
C 7 weeks 1588%0.18 1577£020 1551*012 1612%017 15.81+0.03
14 weeks 1544+0.07 1583%0.14 1491+018 159+01 1584%0.07

1 day 56.30£122 5807+037 565042 60.77+144 58.03+049
h" 7 weeks 5310057 5763+031 550+000 57.90£042 58.20£0.08
14 weeks 5647105 59.03+033 558*136 59.3%029 59.47+0.12

D see foot note of Table 30
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Table 32. Effect of cryoprotectants on the compress, hardness, fracturability,
adhesiveness and springiness of surimi from. spent layer meat during storage at -18°TC

Textural  Storage Treatment”
property period . Control Salt No salt  Combi-1 Combi-2
1 day 8611145 2442%37 3024*6 3479+20 298’.2‘-"_-_10
Compress 7 weeks 5365128 4799+11 2877125 2589+9  2668%7
(gxcm) 14 weeks 4159+28 2645+5 30878+t4 220.7+15 307416
Hardness 1 day 1462183 991126 1132125 789166 85.8%70
a (@) 7 weeks 1893*112 835+26 919+30 699+23 77877
g 14 weeks 1362%35 627142 923+90 719+81 887*12
Fracturabilit 1 day 1357£227 101768 1132+125 816+34 965+83
! ‘(”) V7 weeks 1739+45 849+41 91930 706+31 TB3%75
g 14 weeks 130669 627142 918197 714+45 899+08
Adhesi day -51.3£43 -41.7+26 -686%95 -706t56 -90.3*+19.0
es(“’)e“ess 7 weeks -81.0+72 -431%24 -584%39 -550+45 -335%19
g 14 weeks -303+t21 -40.1%*81 -333+x09 -394+44 -310%*17
1 day 092+002 09002 093002 083+t001 091+002
Springiness 7 weeks 0.88*+001 088%001 091+003 089+0.02 08610.01
14 weeks 0871001 086004 088+002 087002 0.88+001

Y see foot note of Table 30

181



Table 33. Effect of cryoprotectants on the cohesiveness, gumminess, chewiness, and

resilieness of surimi from spent layer meat during storage at -18C

Textural Storage Treatment”
property period Control Salt No salt Combi-1 Combi-2
1 day 038%£0.03 038+0.02 041+0.05 0.40%001 04001
Cohesiveness 7 weeks 0411001 0.39+0.01 041%001 038001 0.39=001
14 weeks 0411001 0.38+0.01 0.38+0.01 0401002 0.42+0.01
i lday 539%+13 379%35 459140 367+14 322+26

Gumminess

y 7 weeks 81.0*28 327+05 380*16 27.1x05 31.3*39
(8 14 weeks 552+18 239+20 315*38 315+20 369+08
Chewiness 1 dy 497201 341%26 425%36 335+28 294+27
(g#mm) 7 weeks 724%t348 288*06 351%08 236+03 27.0x35
: 14 weeks 4591308 205*+22 280*41 267x17 319%*12
1day 013*001 0.14%0.01 0.14%0.02 0.14%0.01 0.13+0.01
Resilieness 7 weeks 0.12+£0.01 0.1%£001 011x001 0.10%0.01 0.10%+0.01
14 weeks 0.13+0.01 0.09£0.01 0.12+0.01 0.11%0.01 0.13£0.01

" see foot note of Table 30

Table 34. Effect of cryoprotectants on the water holding capacity(WHC, %) of

surimi from spent layer meat during storage at -18°C

Storage

Treatment”

period

Control

Salt

No salt

Combi-1

Combi-2

1 day
7 weeks
14 weeks

56.74+057 49.82+184 55.01%0.74
587+1.03 4924+1.35 49.35+0.65
5651+0.39 49.19+1.61 46.96:0.29

5160557 52.87£0.64
46.24+0.99 4861+1.11

Y see foot note of Table 30
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Table 35. Total water releasing of various treatment with cryoprotectant after 14

weeks storage

Treatment"

Water releasing
Control Salt No salt Combi-1 Combi-2

Water after o
875%02 798*x0.1 803*12 799+0.1 80.1%0.1
thawing(g/100g)

Water after
3E2, 91, 7461, 6H6x1. 60,
cooking(g/100g) 733*x25 T709%14 6x11 736*10 736=%0.1
Total water
releasing(g/200g) 160.8 150.7 1549 1535 153.7

" see foot note of Table 30
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Table 36. Effect of antioxidants on the pH of surimi from spent layer meat during

storage at -18C

Storage period

Treatment”

.1 day 7 weeks 14 weeks
Control 7.35%0.01 7.27£0.03 7.07+001
PG 740001 7172001 ' 7.10%003
SA 7.37%£0.01 733001 7.20£0.04
STPP 7542001 744001 - 7.34%001
PG+SA 7.37+001 7.22%0.02 7.17£0.00
PG+SA+STPP 752001 745%001 7.29+001

" Control : Surimi
PG: Surimi with 0.02% propyl gallate
SA: Surimi with 0.2% sodium ascorbate
STPP: Surimi with 0.2% sodium tripolyphosphate
PG+SA: Surimi with 0.02% propyl gallate + 0.2% sodium ascorbate
PG+SA+STPP: Surimi with 002% propyl‘ gallate + 0.2% sodium ascorbate + 0.2%

sodium tripolyphosphate
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Table 37. Effect of antioxidants on CIE color value of surimi from spent layer

meat during storage at -18C

CIE y Storage period
value Treatment 1 day 7 weeks 14 weeks
Control 62.53+0.38 63.58+0.11 62.87£0.19
PG 61.84+£0.50 60.87+0.17 60.33+0.31
. SA 60.4310.11 60.91+0.24 60.52+0.27
L STPP 63.24+0.31 62.121£0.27 62.61%0.22
PG+SA 61.24+0.13 58.43+0.31 57.73£0.11
PG+SA+STPP  60.03£0.38 58.81+0.05 58.63+0.03
Control 862£0.38 7.87£0.13 6.45+0.52
PG 8.33%0.11 7.93+0.16 765+0.09
. SA 10.17£0.01 9.18+0.16 9.49+0.1
@ STPP 7.33£0.18 7.02%0.46 721%0.21
PG+SA 8.78%0.19 8.80£0.04 9.23+0.44
PG+SA+STPP  9.35%0.01 9.04£0.13 8.77+£0.22
Control 12.26+0.46 12.75+0.06 12.21+0.22
PG 11.37+0.06 11.45%0.18 11.48+0.02
. SA 12.06 £0.06 12.27£0.17 12.49%0.15
b STPP 12.34%0.14 12.33+0.22 1259+0.04
PG+SA 11.41£0.02 11.53%£0.14 11.44%0.19
PG+SA+STPP  11.22+0.16 11.72%£0.09 11.69+0.24
Control 1499+0.48 14.98+0.06 13.81+0.44
PG 14.09£0.06 13.9210.23 13.78%£0.07
c SA 15.77+0.04 15.32%0.21 15.68%0.12
STPP 14.35+0.16 14.16£0.42 1451%0.09
PG+SA 1439+0.12  1451%£010  14.69%0.41
PG+SA+STPP 14.60%0.13 14.8+0.15 1461£0.32
Control 5493+1.40 58.4+£0.49 62.27£155
PG 53.83+0.48 55.37+0.33 56.37+0.31
be SA 49.92+0.16 53.34+0.43 52.83+£0.47
STPP 59.34+0.65 60.37%1.18 60.27+0.76
PG+SA 52.51%0.59 52.70+0.42 51.23+0.97
PG+SA+STPP _ 50.23+0.37 52.43+0.22 53.23+0.12

1

) see foot note of Table 36

186



Table 38. Effect of antioxidants on the water holding capacity(WHC, %) of surimi

from spent layer meat during storage at -18C

Storage period
Treatment"”
1 day 7 weeks 14 weeks

Control 52.21£1.55 49.04£0.62 46.63+1.94
PG 49.32+2.26 49.72+£1.20 49.0710.90
SA 56.80+1.41 54.611+0.54 56.03+0.14
STPP 51.4510.23 49.8610.76 50.70+1.72
PG+SA 55.46*1.49 53.89+1.07 56.79t1.14
PG+SA+STPP 50.30£0.65 49.27+0.75 50.35+0.45

" see foot note of Table 36

Table 39. Effect of antioxidants on the volatile basic nitrogen(VBN, %) of surimi

from spent layer meat during ‘storage at -18TC

Storage period
Treatment"

_ 1 day 7 weeks 14 weeks
Control 0.68£0.05 0.64£0.07 0.62£0.04
PG 0.4010.08 0.79+0.07 0.59+0.03
SA 0.60£0.03 0.64+0.05 0.58+0.03
STPP 0.77£0.03 0.7£0.03 0.75%0.03
PG+SA 0.72£0.03 0.60+0.03 0.66£0.05
PG+SA+STPP 0.85+0.05 0.77+0.03 0.61%£0.03

1 see foot note of Table 36
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Table 40. Effect of antioxidants on the compress, hardness, fracturability, adhesiveness

and springiness of surimi from spent layer meat during storage at -18C

Storage period

CIE value  Treatment”
1 day 7 weeks 14 weeks
Control 664.01 £50.4 ND 15.31+0.89
PG 175.20+34,64 ND 31.85+3.82
Compress SA 477.15£22.2 ND 150.24+21.42
(g*cm) STPP 383.26+4.49 ND 133.62+2.64
PG+SA 460.44+2331 ND 117.27+3.191
PG+SA+STPP  262.26*15.35 ND 106.8+7.29
Control 121.37+3.14 56.64+4.34 4255+6.31
PG 78.24+3.47 7823+ 11.61 452616.73
Hardness SA 166.09+2646  13668+962  10589+14.82
(g) STPP 66.421:5.63 84.85+8.07 82.68+8.19
PG+SA 139.98+3.87 100.3+6.82 99.81£5.14
PG+SA+STPP 78.09+8.87 7151£12.29 75.82£5.17
Control 12596+ 4.41 56.64+4.34 35.08+4.12
PG 78241347 - 84.83+229 40.45+492
Fracturahility SA 165452696  136.68+962  10589%14.82
(g) STPP 65.2416.87 79.46+7.88 84.32+509
PG+SA 146.31+8.40 100.3+6.82 99.81+5.14
PG+SA+STPP 71641508 73.99+1453 75.82£5.17
Control ~4531+£522  -2442+145  -30.39+2.24
. PG -2315+239  -286*9.08 -223114.24
Adhesivenes  SA -9401+1196  -4539+242  -2201+3.45
® STPP -3940+375  -52.38%559  -44.29%7.17
PG+SA -9368+1143  -2261+555 -18.02£22
PG+SA+STPP -72.3%£9.16 -4064+846  -26.34+188
Control 0.89+0.02 0.76%0.08 0.84%0.01
PG 0.84%0.02 0.82+0.02 0.81£0.03
Springiness  SA 0.92+0.01 0.85%0.01 0.85+0.01
STPP 0.90%0.02 0.89£0.01 0.88%0.01
PG+SA 0.91£0.01 0.81+0.02 0.81%0.01
PG+SA+STPP 0.91£0.01 0.87£0.01 0.87%0.03

Y see foot note of Table 36
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Table 41. Effect of antioxidants on the cohesiveness, - gumminess, chewiness,” and

resiliness of surimi from spent layer meat during storage at -18T

CIE value  Treatment" Storage period
4 1 day 7 weeks 14 weeks
Control - 0.43+0.03 0.3810.02 0.34£0.01
PG 0.41%0.02 038003 0.37£0.03
‘ SA . .041£003 043%0.02 0.40+0.03

Cohesiveness

STPP 0.42%0.02 0.41£0.03 04£001
PG+SA 0414001  041+001 037+003
PG+SA+STPP  0.40%001 10.38+0.01 0.43%0,02
Control 52.85+5.28 19.71+397 145+203
PG 31.34+1.38 31.82+2.29 18024201
Gumminess SA 69.20+7.98 59.11£665 = 4244+575
® STPP 26.06£3.15 30.90+1.13 37964295
PG+SA 55.82+1.20 4521496 = 21841255
_______ PG+SA+STPP 36331468 32.94+364 3476+264
Control 48.38+6.04 1482+418 1224162
PG 2859+1.71 2.28+2.51 140924
Chewiness SA 65.24+15.2 59.11+6.65 3645+4.27
(g*mm)  STPP 23.16%£234 ~  2754%087 33.33+2.28
PG+SA 51.02£1.49 36.39+4.39 21.86+191
PG+SA+STPP  3345%459 24.262.88 26.73£0.92
Control 0.15+0.01 0.08%0.01 0.06+0.01
PG 0.14£0.01 0.10£0.02 0.08£0.01
Resiliness A 014003 013%0.02 010£002.
STPP 0.13+0.01 0.11+0.01 0.11%0.02
PG+SA 0.12£001 0.13+0.02 0.09%0.01
PG+SA+STPP 0121001 0.10+001 0.09%0.01

D see foot note of Table 36
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Table 42. Effect of antioxidants on the thiobarbituric acid-reactive substances
(TBARS, mg/kg) of surimi from spent layer meat during storage at -18°C

Storage period

Treatment”

1 day 7 weeks 14 weeks
Control 054+0.02 0.74£0.10 152%0.31
PG 0.40£0.16 0.41+0.03 0.98+0.11
SA 042%0.12 0.66+0.05 0.98+017
STPP 0484009 0.66£0.04 0.77+0.13
PG+SA 0.42£0.08 052+0.05 0.80+014
PG+SA+STPP 0.41£0.14 0.45+0.06 0.69+0.14

Y see foot note of Table 36 -

Table 43. Effect of antioxidants on the lipid peroxide(POV, meq peroxides/kg) of

surimi from spent layer meat during storage at -18°C

Storage period

Treatment"”

1 day 7 weeks 14 weeks
Control ND 0.20+0.02 0.22%0.01
PG ND 0.16+0.02 0.13£0.02
SA ND 0.14£0.01 0.07£0.01
STPP ND 0.27+0.01 0.25+0.01
PG+SA ND 0.14+0.01 0.06+0.01
PG+SA+STPP ND 0.02+0.01 0.05*+0.04

Y see foot note of Table 36
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Table 44. Effect of oleoresins on the pH of surimi from spent layer meat

during storage at -18°C

Storage period -

, Treatment” . 1day : 7 weeks 14 weeks
Control 7.58+0.01 7.47£0.01 7.10+0.01
Rosemary 755£0.01 7.4210.01 7.0710.01
Thyme 751001 7.34+001 7.03%0.01
Sage 7.48+0.01 7.38£0.01 7.07£0.01
Mace 7.44£001 732£001 7.07£0.01
Marjoram 750%0.01 734+001 7.10+0.01
Bay 7.45+0.01 7.35+0.01 7.13£0.01

D Oleoresins were added 0.05% per total weight of surimi
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Table 45. Effect of oleoresins on CIE color value of surimi from spent layer meat

during storage at -18C

Storage period

V%Ige “Treatment” 1 day 7 weeks 14 weeks -
Control 6384022  6390%021 64.12+0.3

Rosemary 63771029  6213%025  61.60%0.13

Thyme 62231004 60971028  60.44+0.26

L Sage 6370£0.15  6289+028  6253+0.15
Mace  64.23%0.19 62.71%0.36 63.69+0.13
Marjoram  6023%037  5971%013 59374029

Bay 6261028  60.84+0.25 615+0.05

Control 7.89%0.01 757054 8.31£0.07

Rosemary 6.30£0.13 6.16+0.12 711+034

Thyme 486+0.10 467+0.05 5.36+0.24

a" Sage 6.38+0.13 6201024 . 7.23+0.09
Mace 7.35£0.09 6.89+0.14 7.66+0.33

Marjoram 3.03+0.10 3.00£0.09 2.96+0.05

Bay 354+0.06 3.77+0.18 392+0.12

Control 1270011  13.16+0.14  1326+015

Rosemary  1407£004  1435%017  1493%0.07

Thyme 14.89+0.1 15274011  1584+0.23

b’ Sage 1398+0.11  1412+0.11  14.89+0.22
Mace 13.51£0.04 13.44+0.23 14.25+0.28

Marjoram - 1511#003 = 1562%012  1583+0.10

Bay 1310014 1347021  1362+0.16

D Oleoresins were added 0.05% per total weight of surimi
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Table 46. Effect of oleoresins on the compress, hardness, fracturability, adhesiveness

and springiness of surimi from spent layer meat during storage at -18°C

Textural Treatment" Storage period
property 1 day 7 weeks 14 weeks
Control 550.1+14.1 1505%116 35351216
Rosemary  4043+174 199.3+185 154.1£12.7
Thyme 2283+ 266 191.8+18.4 182.2+37.3
Compress Sage 297.4+25.1 2475+17.0 3612+17.8
(g*cm) Mace 532.2£45.4 2399+125 394.8+10.7
Marjoram 255.2+4.1 375.6+26.3 264.1£1838
Bay 572.1+50.1 298 4+ 26.4 44134681
Control 151784 731+18 147.4+142
Rosemary 1406+4.1 1405+39 1143+31
Thyme 1445+119 96.1+43 915%57
Hardness o ce 1282+57 1782£65 1632+42
(g) Mace 168.2+86 1215+13.8 98.1+337
Marjoram 1250+32 154.6+3.1 1313146
Bay 107.3%45 176.2+12.4 1418%57
Control 151784 731£18 147.4+142
Rosemary 1282+17 1386%19 1082%7.3
. Thyme 1445+119 96.1%43 915+57
Fracturability o e 109390 173741238 1632%42
(@) Mace 1682+86 1215+138 © 081%33
Marjoram 125.0+3.2 111.3+327 131.4+147
Bay 107.3+45 176.2%12.4 141.8+57
Control 2248+13 1382+131 1372%129
Rosemary -482+83 -229%59 -35.4+58
. Thyme -465%107 -30.1+46 -228+6.2
Adhesivenes o e 773492 ~37.1%42 -422+74
(g*s) Mace -71.0%80 -689+2.1 -37.5%+46
Marjoram -586x52 -42.0159 -354%05
Bay -447+108 -341+75 -287%19
Control 0.86+0.04 0.90+0.01 0.86+0.02
Rosemary 0.90%0.01 0.85+0.03 0.88£0.01
Thyme 0.89+0.01 0.84%0.01 0.83%0.01
Springiness Sage 0.90%+0.01 0.87£0.02 0.86+£0.02
Mace © 0.88%0.01 0.9010.02 0.8510.01
Marjoram 0.89£0.01 0.87%0.01 0.86+0.01
Bay 0.89%0.01 0.87%0.01 0.84£0.01

Y Oleoresins were added 0.05% per total weight of surimi
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Table 47. Effect of oleoresins on the cohesiveness, gumminess, chewiness, and

resiliness of surimi from spent layer meat during storage at -18°C

Textural N Storage period
Treatment
property 1 day 7 weeks 14 weeks
Control 0.35£0.02 0.34+0.01 - 0.39+0.01
Rosemary 0.40+0.01 0.39+0.01 0.37+0.01
Thyme 0.40%0.01 0.31£0.02 0.34+0.01
Cohesiveness  Sage 0.41+0.01 0.40£0.01 0.38+0.01
Mace 0.44+0.02 0.40+0.01 0.42£0.03
Marjoram 0.40+0.01 0.37+0.01 0.391+0.02
,,,,,,, _Bay 0.40%0.01 0.40%0.01 043002
Control 38.81%2.12 . 2363+168 52.96+5.04
Rosemary 56.21+3.10 60.69+4.24 41.76*1.76
G . Thyme 56.32+6.77 33.85+3.37 29.15+£0.74
umminess
Sage 52821491 72.03+252 61.18+2.36
(&) Mace 7161692 52.60%2.39 37.66+494
Marjoram 4974£0.98 51.71+4.22 52.14+7.88
Bay 4194+262 60.21+151 60.21+1.47
Control 35.85+3.22 2067x1.74 4561397
Rosemary 51.03+2.72 49.63+573 36.90+1.51
Chewiness Thyme 5011559 . 2825%3.14 23.70%+1.14
Sage 49.80+3.68 63.62+3.03 51.33t1.67
(gxmm)  prace 56.185.61 49.33+2.23 32411487
Marjoram 43.72+1.42 47.96+081 4471681
Bay 3954+3.16 51.52+2.66 49.61%2.15
Control 0.12+0.01 0.08£0.01 0.11+0.01
Rosemary 0.1£0.003 0.12%0.01 0.09+0.01
: Thyme 0.12%0.01 0.09£0.01 0.08+0.01
Resiliness Sage 0.11£0.003 0.12%0.01 0.10£0.01
Mace 0.11£0.003 0.10+0.01 0.09+0.01
Marjoram 0.12+0.01 0.11£0.01 0.10£0.01
Bay 0.1£0.01 . 0.11£0.01 0.10+£0.02

) Oleoresins were added 0.05% per total weight of surimi
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Table 48. Effect of oleoresins on the thiobarbituric acid-reactive substances(TBARS,

mg/kg) of surimi from spent layer meat during storage at -18°C

Storage period

Treatment"

1 day 7 weeks 14 weeks
Control 0.2210.01 0.76+0.16 1.10£0.48
Rosemary 0.06+0.02 0.46+0.74 0.81x0.37
Thyme 0.17£0.02 0.45%0.04 0.68+0.38
Sage 0.20x0.16 0.34%0.03 0.70x0.54
Mace 0.15%0.01 0.58+0.35 0.78+0.36
-Marjoram 0.07+0.01 0.18+£0.01 | 0.43%0.21
Bay 0.08£0.01 0.29+0.05 0.35%0.11

Y Oleoresins were added 0.05% per total weight of surimi

Table 49. Effect of oleoresins on the lipid peroxide(POV, meq peroxides/kg) of

surimi from spent layer meat during storage at -18°C

O Storage period
Treatment . 4

1 day 7 weeks 14 weeks
Control 0.67+0.08 0.44£0.02 0.22+0.01
Rosemary 0.43£0.08 0.40£0.01 0.11+0.01
Thyme 044£0.02 0.41£0.02 0.13£0.02
Sage 0.46+0.01 0.41+£0.04 0.10£0.01
Mace 0.64£0.10 0.39+0.01 0.08+0.01
Marjoram 0.59£0.04 051%0.03 0.10£0.02
Bay 0.50x0.11 0.67+0.02 0.13£0.01

Y Oleoresins were added 0.05% per total weight of surimi
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Fig. 5. Effect of antioxidants on the pH of cooked and uncooked surimi during
storage at 5°C. Control: Surimi, PG: Surimi with 0.02% propy! gallate, SA: Surimi
with  0.2% sodium ascorbate, STPP: Surimi with 0.2% sodium tripolyphosphate
PG+SA+STPP: Surimi with 0.02% propyl gallate + 0.2% sodium ascorbate + 0.2% sodium

tripolyphosphate
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Fig. 6. Effect of antioxidants on the lightness(L") of cooked and uncooked surimi

during storage at 5°C.
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Fig. 7. Effect of antioxidants on the redness(a’) of cooked and uncooked surimi

during storage at 5C.
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Fig. 8. Effect of antioxidants on the yellowness(b’) of cooked and uncooked surimi

during storage at 5T.
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Fig. 9. Effect of antioxidants on the chroma value of cooked and uncooked surimi

during storage at 5T.
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Fig. 10. Effect of antioxidants on the hue angle of cooked and uncooked surimi
during storage at 5C.
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Fig. 11. Effect of antioxidants on the thiobarbituric acid-reactive substances
(TBARS) of cooked and uncooked surimi during storage at 5.
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Fig. 12. Effect of antioxidants on’the lipid perox'ide(POV) of cooked and uncooked

surimi during storage at 5C.
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Table 50. TBARS of surimi from mechanically deboned chicken meat during

frozen storage

Temp b ~ Storage period
Treatment

Unfrozen 1 day 5 weeks 10 weeks 20 weeks
210 Salt 2241022 4071063 2.20£0.11 526+047 5.32+0.35
Sugar 1.76£0.17 2.69+0.09 1.10£0.27 496+051 3.31%0.32
Salt 224+0.22 399+027 1.27+0.23 47710.15 273%0.16
8 Sugar  176+017 3534006 1441024 274022 36%065
40 Salt 2241022 369%0.14 1.42£0.17 4.26+0.39 3.77+0.99
Sugar 1.76 £0.17 253%0.16 1281045 2.81+027 3.01%0.43
_80 Salt 224=*022 322%0.11 1.85%£0.01 510*0.13 3.41%0.69

Sugar 1.76%+0.17 2.82+0.53 1.31+£0.32 257+0.21 361*091

Y Control: surimi
Salt: Surimi with 3% sodium chloride + 0.2% sodium tripolyphosphate

Sugar: Surimi with 4% sorbitol + 4% sucrose

Table 51. POV of surimi from mechanically deboned chicken meat during frozen

storage
Terp Y Storage period
Treatment
C) Unfrozen 1 day 5 weeks 10 weeks 20 weeks
~10 Salt 043006 098+0.03 053%0.13 1.23+0.09 1.05%0.08
Sugar 045021 0.7710.02 052+0.04 063+0.18 0.86%0.22
18 Salt 043%0.06 0.84*0.04 028*+0.06 076005 1.12+0.06

Sugar 045%021 0.72+0.02 049+003 0.76+0.09 0.86%0.22
Salt 043006 0.71£0.05 0.39+0.08 1.02+0.06 1.25+0.04
Sugar 045%021 0.64+0.02 0.46%0.02 0.76+0.03 1.09%0.05
Salt 043+0.06 0.85%*0.03 043%0.05 1.00+0.01 1.13%£0.06
Sugar 045%0.21 054%0.02 059%0.05 0.79+0.04 0.82%0.01

-40

-80

see foot note of Table 50
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Table 52. TBARS of surimi from spent layer meat during frozen storage

Temp

Storage period

Treatment”
() Unfrozen 1day 5 weeks 10 weeks 20 weeks
Control 1.71+0.20 0.23£0.00 0.70£0.50 1.64%+099 1.31+0.95
-10 Salt 1.70+£0.14 021021 296+0.90 3.60*142 1.84+0.28
Sugar 2.32%+0.26 0.67=0.18 1.40£0.36 298*+054 3.81%+0.36
Control 1.71£0.20 0.04£0.06 059+0.11 1.14%0.39 1.29%0.78
-18 Salt 1.70£0.14 0.07£0.13 3.29+0.77 1.89*0.23 13*055
Sugar 2.32+0.26 0.85+0.32 1.42+0.38 3.34+0.74 1.84*0.34
Control 1.71£0.20 0.14£0.25 0.34+0.07 0.88+069 0.53*0.27
-40 Salt 1.70+0.14 0.22+0.03 3.29*+0.77 195055 1.08*055
Sugar 2.32%0.26 0.89+0.19 1.32+0.02 201+0.24 19%0.43
Control 1.71£0.20 0.18£0.30 0.16+0.33 1.62+1.04 058%+0.28
-80 Salt 1.70+0.14 043+0.09 1.78£091 2.19*1.19 1.24*0.79
Sugar 2.32%0.26 0.88+0.20 0.94+0.36 1.72x055 1.09+0.05

D see foot note of Table 50

Table 53. POV of surimi from spent layer meat during frozen storage

Temp

4%

1)

Storage period

Unfrozen 1 day

5 weeks 10 weeks 20 weeks

-10

Control
Salt
Sugar

0.10£0.04 0.18+0.01
0.07£0.01 0.16%0.01
0.10+0.04 0.13=0.01

0.27£0.03
0.11%£0.02
0.43+0.05

0.07x0.01 0.15+0.01
0.58%+0.01 0.53%=0.04
0.14%0.01 0.25+£0.04

-18

Control
Salt
Sugar

0.10+0.04 0.13+0.01
0.07£0.01 0.16%+0.01
0.10+£0.04 0.12*0.01

0.35+0.01
0.62+0.04
0.32£0,01

0.09%0.01 0.14£0.01
0.44%0.02 0.66%0.11
0.17£0.03 0.18+0.01

Control
Salt
Sugar

0.10+0.04 0.14x0.02
0.07+0.01 0.20+0.03
0.10£0.0.4 0.11%0.01

0.35£0.02
0.44£0.01
0.28+0.01

0.07£0.01 0.12£0.02
0.41£0.05 0.27%+0.03
0.11£0.01 0.17%0.01

-80

Control
Salt
Sugar

0.10£0.04 0.13+0.01
0.07£0.01 0.22%0.04
0.10+0.04 0.03+0.01

0.34+0.02
0.28%0.01
0.27£0.02

0.07+0.01 0.13+£0.02
0.14+0.02 0.18%+0.02
0.08+0.01 0.18+0.01

see foot note of Table 50
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Table 54. pH of surimi from mechanically deboned chicken meat during frozen

storage

Temp b Storage period

(C) Treatrment Unfrozen 1day 5 weeks 10 weeks 20 weeks

10 Salt 6491002 627+001° 703+001* 722+001° 7.16+001%
Sugar 681008 657+001° 688+001° 7.04+001° 6.63+001°

18 Salt 649002 653+001* 7.01+0.01* 7.24#0.01" 7.21+001*
Sugar 681003 678%001° 7.13%001* 740+001° 696+001"

40 Salt =~ 6491002 649%001* 7.03+001" 7.31+£001* 7.20+001"
Sugar 681003 638+001° 7.10+001" 7.37+001° 6.02%001°

80 Salt 6491002 654+001* 7.00+001" 7.28+001° 7.2+001°

Sugar 681008 653+001° 7.12+001* 7.30+001° 7.18+001°

pH of unfrozen control was 6.69+0.01
D Salt: Surimi with 3% sodium chloride + 0.2% sodium tripolyphosphate
Sugar: Surimi with 4% sorbitol + 4%Asucr<v>'s§‘
ABCPMeans within cqlumn with different superscripts are signiﬁcantlyv diferent(P<0.05).

*Means within column with different superscripts are sigﬁiﬁcantly diferent(P<0.05).
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Table 55. Volatile basic nitrogen(VBN) of surimi from mechanically deboned

chicken meat during frozen storage .

Termp b Storage period

(0 Treatment Unfrozen 1 day 5 weeks 10 weeks 20 weeks

10 Salt 078+006 117+003" 170+006" 338+007* 528+017"
Sugar  101%016 094+007° 066+003° 1284003 158+008°

g Salt 0.78+006 106+003" 042+003° 1.00+003® 168+003°
Sugar  101+016 1174003 047+005° 092+003° 1234003

o S 078006 092+003° 0170007 0724003 094005
Sugar 1013016 094003 072+003° 0891003 101+003"

g St 0.78+006 094+003% 074+006° 079+000° 134+0.06°

Sugar  101+016 1.00£003° 074+000° 081+003 109%0.03°

) see foot note of Table 54

Table 56. pH of surimi from spent layer meat during frozen storage

Temp D Storage period

() Treatment Unfrozen 1 day 5 weeks 10 weeks 20 weeks

" Control 674020 742+0001" 6670008 7.16+00068" 7.12+0011*

-10  Salt 64710010 7.43+0006" 7.18+0006"* 702+0006" 6.990001°

Sugar 68710020 68810006 697+0006° 699+0006° 698+0001°

Control 6743020 745+0001" 62+0006™ 71810006 687002

-18  Salt 6470010 723+0001° 699+00068° 634+0068°  707+0001*

Sugar 68720020 683+0001° 7.06+0006° 6960006 6R+0MI°

Control 6741020 7.17+0008" 69210006 7.28+0006% 7060071

-40  Salt 647+0010 7.23+0047° 70210008 702+0000°  7.02+0001®
Sugar 68710020 680006" 69610005 6B0001> 681+0001°

Control  674+0220 7.440006” 679+0006™ 7.32+0006™ 6940001

-80  Salt 6.47+0010 7.21+00068° 6B+0006° 7.00£0006"  7.00+0011°

Sugar 687000 675X0006° 6960005 6B+0006°  7.16+0011°

" Control: Surimi

Salt: Surimi with 3% sodium chloride + 0.2% sodium tripolyphosphate
Su§ar: Surimi with 4% sorbitol + 4% sucrose
2"%*®Means within column with different superscripts are significantly diferent(P<0.05).
ABPMeans within column with different superscripts are significantly diferent(P<0.05).
®\Means within column with different superscripts are significantly diferent(P<0.05).
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Table 57. Volatile basic nitrogen(VBN) of surimi from spent layer meat during
frozen storage

Tenp N Storage period
Treatment
(C) Unfrozen 1 day 5 weeks 10 weeks 20 weeks
Control 074005 091001 0701003 081003 208+0.03"
-10  Salt 075003 074+008" 162+003* 360+023* 6.15+007"
Sugar  087+007 047007 087007 151+003° 196+007°
Control  074+0.05 0871006 070+003*" 092+0.03" 143+003"
-18  Salt 0.75+£0.03 065+003"° 094%003° 187+003% 236+005°
Sugar  087%007 042+003 077+003" 081+003° 043+003°
Control  0.74%0.06 0832005 047+033" 0791008 168+003"
-40  Salt 0751003 053+003° 077003 0621005° 1.89+003°
Sugar  087+007 057+005° 068+001° 0621008 0.43+0.03°
Control ~ 0.74+0.06 089%003" 066+008" 062+006" 141+0.01"
-80  Salt 0.75+003 066+006™® 070003 111400 258+0.03°
Sugar  0.87+007 0474003 075+003" 0.72+003° 042+0.03°

D see foot note of Table 55
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i = N % : .
18-Mar-99 sB 18-ifax-99 000019 WD12.2mm 15.0kV x2.0k 20um

Spent, Control (Cooked) : storage at -10T Spent, Control (Cooked) : storage at -18C

< i bk o -
18-Max-9% ©00019 WD12.7mm 15.0kV x2.0k

Spent, Control (Cooked) : storage at 40C  Spent, Control (Cooked) : storage at -80C

Fig. 13. Scanning electron photomicrograph of control surimi from spent layer

meat during storage 1 day at various temperature.

* Control surimi : surimi with water.
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SE 23-Jul-99 000022 WD21.Sam 15.0xV x2.0k 000022 WD22.3mm 15.0kV x2.0k 20um

Spent, Control (Cooked) : storage at -10°C  Spent, Control (Cooked) : storage at -18C

23-Jul-99 000022 WD21.9mm 15.0kV x2.0k 20um

Spent, Control (Cooked) : storage at -40°C  Spent, Control (Cooked) : storage at -80°C

Fig. 14. Scanning electron photomicrograph of control surimi from spent layer

meat during storage 20 weeks at various temperature.

* Control surimi : surimi with water.
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10-2ax-99 000015 WD12.42m 15.0kV x2.0k 20um SE 10-Mar-99 000019 WD12.2mm 15.0XkV x2.0k 20um

Spent, Salt (Cooked) : storage at -10TC Spent, Salt (Cooked) : storage at -18C

SE  20-Max-99 .O0zm 150KV 2.0k 20um

15-¥az-99

Spent, Salt (Cooked) : storage at -40C  Spent, Salt (Cooked) : storage at -80C

Fig. 15. Scanning electron photomicrograph of salt added surimi from spent layer

meat during storage 1 day at various temperature.

* Salt added surimi : surimi with 3% sodium chloride + 0.2% sodium

tripolyphosphate.
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i i 2
23-Jul-99 000022 WD21.8xmm 15.0kV 2.0k 20um 23-Jul-99

Spent, Salt (Cooked) : storage at -10TC Spent, Salt (Cooked) : storage at -18C

23-Ju1-99 000022 2.6mm 15._0kY x2.0k  20um SE 23-Jul-99 000022 WD22 .4mm 15.0%x7 x2.0k 20um

Spent, Salt (Cooked) : storage at -40C  Spent, Salt (Cooked) : storage at -80°C

Fig. 16. Scanning electron photomicrograph of salt added surimi from spent layer

meat during storage 20 weeks at various temperature.

* Salt added surimi : surimi with 3% sodium chloride + 0.2% sodium

tripolyphosphate.
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18+t1az-99 000019 ¥D12.4xm 15.0kY xi.ak 20un SE 18-31ax-93 000019 ¥D11.7mm 15.0kV x2.0Kk  20um

Spent, Sugar (Cooked) : storage at -10C  Spent, Sugar (Cooked) : storage at -18°C

1Ay ol

18-t1ax-99 000010 WD12.7wm 15.0KV k2.0k  20um 18-Maz-99

Spent, Sugar (Cooked) : storage at -40°C  Spent, Sugar (Cooked) : storage at -80C

Fig. 17. Scanning electron photomicrograph of sugar added surimi from spent layer

meat during storage 1 day at various temperature.

* Sugar added surimi : surimi with 4% sorbitol + 4% sucrose.
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23-3ul-99 000022 WD21.2mn 15.0%¥ x2.0k 20um SE 23-3ul-99 000022 WD21.2mm 15.0KV x2.0k  20um

Spent, Sugar (Cooked) : storage at -10C  Spent, Sugar (Cooked) : storage at -18°C

SE  23-Jul-99 000022 ¥D21.97m 15.0kV %2.0k  20um

000022 WD22.6mm 15.0KV x2.0k 20um

Spent, Sugar (Cooked) : storage at -40°C  Spent, Sugar (Cooked) : storage at -80TC

Fig. 18. Scanning electron photomicrograph of sugar added surimi from spent layer

meat during storage 20 weeks at various temperature.

* Sugar added surimi : surimi with 4% sorbitol + 4% sucrose.
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—o— MDCM, Control

T g —e— MDCM, Salt
¢ —— MDCM, Suger
55 ---o--- Spent, Control
---»-- Spent, Salt
5 -+-4--- Spent, Sugar
45

Storage Virre (days)

Fig. 19. pH of chicken surimi during storage at 5C. MDCM, Control: surimi from
mechanically debond chicken meét(MDCM) with water, MDCM, Salt: surimi from MDCM
with 3% sodium chloride + 0.2% sodium tripolyphosphate, MDCM, Sugar: surimi from
MDCM with 4% sucrose + 4% sorbitol, Spent, Control: surimi from spent layer meat with
water, Spent, Salt: surimi from spent layer meat with 3% sodium chloride + 0.2% sodium
tripolyphosphate, Spent, Sugar: surimi from spent layer meat with 4% sucrose + 4%

sorbitol.

12
o
10
—0— MDOM, Control
8 —e— MDOM, Salt
§ 6 ' —a— MDOM, Sugar
4 ---C - - Spent, Control
coel@ern Spent, Salt
2 ---A---Spent,Sugar
0 ; .
0 1 3 5 7
Storage Time (days)

Fig. 20. Volatile basic nitrogen(VBN) of chicken surimi during storage at 5C.
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3. A% surimig o] 4% SENAY gelzt Fol e Y
7b. A& surimi Ao 3 (suwar)d HEY AFTY ¥

A% surimio] A 2] suwari®} modori®] @A) YolUYeXNE Yolrnm Iy H
540 oA dutyd 2R S FAANLDSF YEAE Lolry] 3o G
=g 22k TN HYe AAGHY. 9A ¥e &E8E ST, 25T, 3
0T AAlEtglon, E22E2E 4757, 50T, 52.5T, 60CAA ZHzt AAEQct

E 1 oAt Zo] STAANE HZH L2571 ¥& BAZ setting AHE 54
Ao Bhe7kA] AASHT. settinge AF WA 3R] F e 2T vl
AlZke] 2E4E ZF¥ ¢ (compress)o] A53Fom 10/NAAR Z7}8
O7t 15X e ZAFAT A 20/ %FoE AEdgoen 254k E 20
N BlRE FAE UERTH2E 1). 7 E(Hardness)?] Z$-olE =T 9
#tol 5, 10, 15AE T Egka, 20413t o9 Ax7t 713 & e Yl
. 543 (Fracturability) & Z =9} vl ZPL Byon A 204324
7H} &S % YA 3 (Adehesiveness)e 10A13F, 20413}, 25413k
A9 Fol & AdAAMe Ao uws F2 HIAHYLE RAFUT P4
(Gumminess)3®} % ¥ /d(Chewiness)| M E o279 gto] vlma Ehoy A3
of AFEFE EolA 20/ LA d2FHEY L %E Yedd. o4y
HolX £ o STE setting Alo] HojPo] we} AZYojME FL A
BRoy, be 233 E4dAME Aol AT FaE setting AHE B
F AN

Setting at 6T

Compress(g*c )

-B88888

5 10 15 29} 2
Setting time (hr)

Fig. 1. compressive force of chicken surimi protein during set at 5.
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Table. 1. Textural characteristics of chicken surimi protein during set at 5TC.

Setting Temperature(5T)
Parameter 0 Shr 10hr 15hr 20hr 25hr

Hardness 15724211 HGHB 010HS 14HI3B 12504 12254
Fracturability 15724211 @®3HM2 P8/H6B 1BHH2Z  1[07438 143D
Adhesiveness -1R17761 -ZB741391 -2D94RAB -ZBIAS -2B0+P2A -HNEGABP
Springiness 091001 093002 094*+000 083%0.02 091+004 093+001
Cohesiveness 037+001 037+002 036+006 036+002 0.39+004 0.36#0.01
| Gumniness 47.60+809 34.73+022 37.1616.03 40.79+1.02 51.68+53 4347+151

Chewiness 4301+7.07 3227%+1.03 34.8115.5 37871097 47141526 40.35+203

Resiience 005001 006+001 004001 0052001 006+000 004000

Setting at 26, 0T

1000
‘:; an
2 e 83sc
[
g @ mk ¢
8§

0 g
05 . 1 15 2 3
Setting tire (hr)

Fig. 2. compressive force of chicken surimi protein during set at 25C, 30C.
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a9 2014 @& 2E seting AFHE Yolry) A 25CTANY ¢¥AE 2
e Az 308N Akl Ade] wet 308 ¥ 60FdAE £2F Roppov
L5AIZE FRE oAl 5std A% H F& AFEE JEY o)
Haf 30CAME 15Ae 7 RA dExten Al g wa} oAl 4
st oy 08AMY g H&d £&& dElt. FAAEL AnE E
o 25Co) A 9] settingE 347} Algto] Agol wat 30CAMRG F& A2 Y
el e 237 SAcME Ado] Age mel 25T 30TAN FRAE
ol & BolA UTHE 3).

140

120

10 + —e—HS

ol —a—FRS
C —— G5

@+ -0 HRO

QO ee-0-- FRO

0t -eete-- GO

0 . R

05 1 15 2 3
Setting time (hr)

Fig. 3. Textural characteristics of chicken' surimi protein during set at 25T, 30T.
HR25 : Hardness at 25T HR30 : Hardness at 30T
FR25 : Fracturability at 25C FR30 : Fracturability at 30°C
GU25 : Gumminess at 25C GU30 : Gumminess at 30T
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Table. 2. compressive force of chicken surimi protein during set at 25°C.

Setting Temperature(25C)

Parameter Omin 30min 1hr 1.5hr 2hr 3hr

Compress 4818475 4BI911BS 4MR71TRF 504120 682313100 B2 +RA

Hardness 116721211 10051455 147W*16% 1273711338 1101608 241584

Fracturability 115723211 1064%1117 104114983 10684+371 1080111631 1R272+1311

Adhesiveness -1861912764 19091004 -160tHR -24B+178 -VILATHBB 221627778

Springiness 0913001  093+001 09010®@ O0BVHE 0BV001  0BH0O01

Cohesiveness 0374001 03006 0BIO@ 041H0@ 0408 03F7HO@

Gumniness 4760809 4110341 MB+714 RKOI/M 2133 BPH3IT

Chewiness 4301+707 BR*3H 061747 LHIBM 4L13+3% BP37

Resilience 0063001 006000 0064001 0063000 0063001 006000
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Table. 3. compressive force of chicken surimi protein during set at 30°C.

Setting Temperature(30C)

Parameter 0 30min 1hr 1.5hr 2hr 3hr

Hardness 115724211 1075911420 F4H1048 1BHUED 106631421 18463

Fracturability 115723211 1286+1006 104014606 HBPH4D 1BBI5Y 11846132
Adhesiveness -1851912764 -1914634768 2135+ RMB -16919D -1710+13F -MBIRIS
Springiness  0.91£0.01 093+0.00 052+0.02 093£001 090*0.01 0.94:*-"0‘.03
Cohesiveness 0371001 037£001 0.41%002 0.38+0.03 A 040£001 0.40%+001

Gumniness 47.6918.09 37.19+4.25 3960+244 3883+3.17 4281+2.84 4814+569
Chewiness 43.01+7.07 3522%3.48 36.35%268 36.05+351 38621299 4523+494

Resilience 0.06£001 004£0.00 005£001 005%0.00 0.04+000 0.04+001

Setting at 50T, 60T

2500 - LE

oeoc

Compress(g+c
8

15 0 60 120 180
Setting tme (min)

Fig. 4. compressive force of chicken surimi protein during set at 50°C, 60C.
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L 2509 setting AHE Lotr7) 8 S0TA 15, 30, 60, 120,
18082 AX ¥ 7lAflo]l AAAEE FANS 9 Algto] oA we
Zog AFA=I Ao 30& Hls) 0FANMY g F 3ulo] o]23F
o} wi2tA, S0CAA 9 setting &7 vf§ A AL ¢ F YUt 2E 5
oA et o] SOTAME A= A7I7F ARte] mpet WstFHol Fov 6
0ColAE AT Aole Bolx st} 50T whdstxg2 AlRto] F7tE4
E AAZT7 FokRow 12080049 ghol /M Zoh 4RAZ T old 23
Z EAYRAMT Azte] Ao wet 7 E(hardness)$} 7 /J(gumminess)F o]
F7telg o GAA=AHY 120804 713 & #& 7M. 60T AS =
AZE 27 Aoy A 2ol HolA Fyo

50Cst 60ColA e oA Fr7HA 222 EFAM FFF =] 3+ 30
B 7lAe v %L 2goy 608 HEE HA 2 XHost Axe RE
E o gelo] A+ modorid AL 60CHA BlE FR8A Yelg Rez B
3.

180
160 |
190+ —e—HAR
120 —a— FRS0
< 10} —a— GUS0
- @t -..0--- HABD
% r -0 -- FRED
ol ---80 -+ GUBD
V]
15 ko 60 120 180
Setting time (mmin)

Fig. 5. Textural characteristics of chicken surimi protein during set at 25°C, 30TC.

HRS0 : Hardness at 50T HR60 : Hardness at 60C
FRS50 : Fracturability at 50°C FR60 : Fracturability at 60°C
GUSO0 : Gumminess at 50C ~~ GU60 : Gumminess at 60°C
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U dFE ¥ ESARE geld}t 58 & 7+

Compress(g*c

-8B88588888

NaCl (%)

Fig. 6. Compressive force of chicken surimi protein by different salt

concentration.

a2 6& RE AS surimiE setting 2ARSTAAM 1A FX] F 90THA
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3 geldlE Waldde e €57t Ao gEA HHY dFEE % T4
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Aoz Yeigoy 2% AREHE E &2 Jedd 4%7A AE Frthey
5% A 27 RFolAHIE 7).

NaCl (%)

0 1 2 3 4 5
0 — * + *
~100 l I
-20

Fig. 7. Adhesiveness of chicken surimi protein by different salt concentration.

Adhesiveness(g
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140

120 F

100 .
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| -=—FR

@O ——GU
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ol ‘//.———‘9\—-/‘

0 : . . R R

4] 1 2 3 4 5
NaCt (%)

Fig. 8. Textural characteristics of chicken surimi by different salt concentration.

HR : hardness FR : fracturability GU : gumminess

o E3AC mWE 24 W3

3 5 10 15 20 30

Mixing time (min)

Compress(g*cm
o 8 8 8 8

Fig. 9. Compressive force of chicken surimi by various mixing time.
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Table. 4. Textural characteristics of chicken surimi during set at 50C.

Setting . Temperature(50C)

Parameter 0 15min 30min lhr 2hr 3hr

-185.19 -258.72 -24953 -28292 -25658 -278.78

: +2764 *1042 +1369 £946  £1897 3300

Springiness 0.91+0.01 0.94£0.03 0.93£0.03 0.96+0.01 0.94%0.01 0.94%0.01

Cohesiveness 0.37+0.01 0.40%0.02 0.42+0.02 0.40+0.01 0.37£0.02 0.40+0.05

43.01 49.30 50.87 70.79 88.15 83.35

Chewiness +7.07 +3.05 +599 +055 +1083 +466

Resilience 0.05%0.01 0.04+0.00 0.05+0.01 0.06=0.01 0.06+0.00 0.06+0.01

Table. 5. Textural characteristics of chicken surimi during set at 60TC.

Setting Temperature(ﬁO"C)
Parameter 0 15min 30min 1hr Zhr 3hr

Adhesive- -18519 -229.21 -30569 -23762 -35695 -297.32
ness +2764 1156  £3832 £1571 £26561 16958

Springiness 0.91+0.01 0.93£0.00 0.93£0.01 091£0.01 093%.02 0.93%0.02

Cohesiveness 0.3710.01 0.37£0.01 0.41+0.02 0.34+0.04 0.41+0.01 0.41*0.01

Chewin 4301 5253  57.03 4237 6324 5016
CWINSSS 4707 +332  +498 655  +714 1002

Resilience 0.05£0.01 0.05%0.00 0.05£0.00 0.05£0.00 0.06+0.00 0.04+0.00
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Compress(g*cm)

- 3
— 5

30min thr 2hr 3hr 4hr Shr

o

Fig. 10. Compressive force of chicken surimi during set at 47.5C

Hardness{g)
150
100 !/N
50
0 "
30min 1hr 2hr 3hr 4hr Shr

Fig. 11. Hardness(g) of chicken surimi during set at 47.5C.

Fraturability(g)
150
100 {/—"‘
50
0 . s i
30min thr 2hr 3hr 4hr Shr

Fig. 12. Fracturability(g) of chicken surimi during set at 47.5C.
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Table. 6. Textural characteristics of chicken surimi during set at 47.5C.

Setting Temperature(47.5C)
Parameter  30min lhr 2hr 3hr 4hr Shr
Adhesiveness -152.15 -18296 -171.15 -172.79 -187.71 -202.45
+5.13 +£10.45 +8.39 +75  +£2983 *1531

Springiness 0.91+0.01 0.93+0.02 0.92+£0.01 0.9%0.02 0.93+0.01 0.94+0.01

Cohesiveness 0.36+0.02 0.4£0.02 0.39%0.05 0.36+0.02 0.35+0.02 0.42+0.03

Gumniness 28 41.61 4941 43.76 40.62 5461
_ +3.45 +1.86 1331 +1.08 584 +39

2554 38.77 4551 39.45 37.84 51.27

Chewi :
ewiness 4, +174 +3.08 +1.12 +5.07 +371

Resilience 0.04+0.01 0.04+0.01 0.06+0.01 0.06%0.01 0:06+0.01 0.05+£0.01

Compress(g+cm)
1000
ol s—t—F—+
600 \I/
m -
200
0 ; ; :
30min 1hr 2hr 3hr 4hr Shr

Fig. 13. Compressive force of chicken surimi during set at 47.5C.
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Hardness(g)
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Fig. 14. Hardness(g) of chicken surimi during set at 47.5C.

Fraturability{g)

140
120
100
80
60
40
20
0
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Fig. 15. Fracturability(g) of chicken surimi during set at 47.5C.

Table. 7. Textural characteristics of chicken surimi during set at 52.5C

Setting Temperature(52.5C)
Parameter 30min lhr 2hr 3hr 4hr 5hr
-15068 -15468 -181.34 -16862 -15734 -154.21

Adnesiveness 42109  +148  +278  *1542 *1325 +2531

Springiness 0.93£0.01 09£0.02 09%0.01 091%0.03 09%+0.01 0.9%+0.03

Cohesiveness 0.39%0.01 0.35+0.01 0.32£0.01 0.38+0.01 0.36%=0.01 0.38+0.02

38.8 33.2 2899 41.67 39.21 43.14
+6.12 +2.34 +0.53 +2.49 +2.03 +2.34
36.04 29.99 26.68 378 35.52 3899
+558 +2.21 +0.16 +3.38 +248 +1.59

Resilience 0.05%0.02 0.05£0.01 0.05=0.01 0.05+0.01 0.05+0.01 0.06%0.01

Gumniness

Chewiness
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Table 8. Textural Chatacteristics of chicken surimi by various salt concentration.

NaCl(%)
Parameter 0 1 2 3 4 5
Hardness 37424520 IBRR7HU 13164917 IMA179 1EBHR 1220174

Fracturability 4017434 103463 13164917 1BP715 RETM 1GNHRB

Adhesiveness 357103 -IL12#013 11714128 -1BBH09 2054463 -2624491
Springiness 0.521+0.02 0.72£0.00 0.93£0.02 0.89+0.04 0.94£0.01 0.94*0.02
Cohesiveness 0.18+0.00 0.13+0.03 0.38%+0.02 0.41£0.04 0.39+0.02 0.41+0.02

Gumniness 5.88%0.03 17.‘9111.49 4386+2.73 4493+542 41.30+3.45 53.32+360

Chewiness 3.27%£0.02 1254+06]1 4083+258 40.29+339 4026+141 47.78 4.29
Resilience 0.03+0.00 0.04£0.00 0.05£0.01 0.05£0.01 0.05£0.01 0.06£0.01

Table. 9. Textural characteristics of chicken surimi by various mixing time.

Mixing Time(min) ‘

3 5 10 15 20 30
10283 11022, 10552 10607 9539 8842
*1356 =*£4.07 *895 =£1448 *1311 X727
101.13 11022 103.04 10562 9093 8157

+*x1748 *407 £868 *1498 1605 =+819
-194.03 -21355 -193.79 -20094 -178.80 -194.58
+2143 *11 *1884 +£973 =175 =888
093 095 093 0.90 093 0.93
*0.02 X001 002 =£003 =*001 =002
0.38 041 047 0.41 041 0.40
006 =001 =002 *001 005 002
38.79 45.00 40.28 4322 38.55 35.24
+59 *£138 *671 524 061 *1.08
3595 4292 3830 3892 3571 3290
+521 *£137 775 *357 *047 046
0.05 0.05 0.06 0.06 0.06 0.05
£001 #£001 =001 *001 =£001 =*0.00

Parameter

Hardness
Fracturahility

Adhesiveness

0
ND
ND
ND

Springiness ND
Cohesiveness ND
Gumniness ND
Chewiness ND

ND

Resilience
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gele 8437 AsiMe BEA de "I ojFo} Aot dH, 4T A7
¥ 989 2 RS 9929 $3E F2 2HP 71987 AN dF
& Aol ERH O} FL geld AT S} AT EFARl YF
Fod go] AR HolA R gel¥Hol ZAA o] FAA 3w A
2 gaojgog Azl UF ZAHY 2382 7HERE A 4 gelo] Y4
A Bk AFeA g o] FUY FEEE Wt F ANG 254 E AN
& @ 3min, Smin, 10min7tx] Aol AFHVA YHYo] R FrHHL
B, 1088 71€22 2 o9 ARbeME 233 A4FH Ree &7t 3
QAck. ol d AstelX A F/HE FES] HolFed AL@ Azt Was
U gaojgezs AE dFANAE W 23y 2ARE AjAAGE RE
g7t A

2 e dA2 =AE AA

gelst8 23ty 9% n&} HE2Y A4 F3FH ¥4 HQLxd ©E
Z2HHQ EAL BPse AE v 29 290 JEZ Z 2xd2 @Y
Aol WA ¥4 gellationo] AALUL o AN 2AF o= 2x2 Y
Ae o 7 & 2ARE Ve EA dobry) 98 F9siAc 9o A
NSt Zo] 73 Zo% AHAL TN FHHAYTH 60CAM S F=Ho)
70CEY} 80T uslA Eou 0TS AARIe nxx o
ABH oz YA 2xoH nFF /e A FH Tukz stde AA
A2 Ao o Austn =YY B40] $4T gelo] FAHEU & APl
Ae vmy 3 259 30CoA 241 23dFd 2z &xdz Nded F
Q7] HEo okzrel RHEFHZ Aste] ZAYAH =& HUARAAT HAP
ez ReA glole 2AHA E40] FolAA FRSL ¢ 7 AA
o A7 LEFE J1F e 259 100CAME A HAo] W o]Fojx]x|
asted o|RE AUXNA L £52 A9 FAFE v WA By
FA zHo] FTAAY BIA ZAZe] Fo] WA gl Aol o]Foix) x|
24 AN 7198 Ao vtk ¢Sy Buk oha} AR, B4, 3%
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g, 24, AYQANE 0CANY 27} g exdMe A vf w5
£ g Yehlo] dxHoz sldexda AN & AHAE 90TAAM 7}
dNed M FL gelo] FHES ¢ F AU |

Compress(g*cm)

250

150

. E.:-:- .
50
60C 70C 80T 90T 100C

Fig. 16. Compressive force(g*cm) of chicken surimi by different cooking temperature.

Hardness(g)

60C 70T 80T 90T 100C

Fig. 17. Hardness(g) of chicken surimi by different cooking temperature.

888883

Fraturability(g)

60T 70T 80T 90T - 100C

Fig. 18. Fracturability(g) of chicken surimi by different cooking temperature.

05383888833
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Adhesiveness(g)

60C 70C 80c 90T 100C
0 ) - .
~20
_40
-60
-80
-100

-120
-140

Fig. 19. Adehesiveness(g*s) of chicken surimi by different cooking temperature

Springiness(g)

0.96

0.92 l
0.88
0.84
0.8
0.76
0.72 : ! *
60T 70C 80T 90 1

Fig. 20. Springiness of chicken surimi by different cooking temperature.

00C

Cohesiveness(g)

0.5
0.4
0.3
0.2
0.1
0 A : A
60T 70C 80C 90T 100C

Fig. 21. Cohesiveness of chicken surimi by different cooking temperature.
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Gumminess(g)

60c 70c 80T 90T 100C

Fig. 23. Gumminess of chicken surimi by different cooking temperature

25

15
10

Chewiness(p)

25 -
20
15 -~
10

5

0

60C 70T 80T 90T 100C

Fig. 24. Chewiness of chicken surimi by different cooking temperature.

Resilience(g)

0.06

0.04

0.02

60T 70C 80T 0T 100T

Fig. 25. Resilience of chicken surimi by different cooking temperature.
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vl SEMe] 9% 2@

AEA AS sumi®] Ax7|&E FE3}7] 8o setting A3, AEH A,
dxxdd wE AP W3z, EAL wWE AR WEE Texture
analyzerE& 3l 2P E A HAYY setting =9 AR, HH2E, H3F 9
5= /M HYF EJANNFTS dotrgtod, oy AHE FIA A
¥ gel?] 2ABIAE T3 gel WF 9 st oju @A E BF, A3
%8t SEM(scanning electron microscoph)S o] &3l Hl®, BAdAY. A
setting & 39} modori A& dotr7] HF gelo] B = 20002 o3t
o gelol AdHE FAUL o setingd A P SHE 90TA 308
7td % gizre AYdL gellationo] AUE A=A R3] Y7 7 A
717t w8 ZA AU, 40ToA 1AL setting F 90TAA 3083 7}
A gl E diz=7¢ v« FHE Yo 75 277t HlaA
AA FAYAT. 22U 50TAA 1413 settingF 90T M 3023 7+ ¢ gel
M e settingE o= A3dte] Aol AU=E ojFojAH FHY A7 dE A
g Tl vls] we F1, £AE GRow, ddsA E4E FHE YA
60T 0CAME 40CAA S HxFd AHRE RAFUY. G & =
HBFAME 0%} 1%AA = geldtrt AHZ o] Fo{A A golA 20082 &
dale FAPE W 2HHY 54 24E 5 Qden, & EAAXE 23S
PA&Ah 2% AAFE geldrl o] Fo|FE #AFZE F AT & 5000
HoldE 0%, 1%dMe Tded 53 F271 2245%es 189 Fx2:=
A" = Uk 2% ool F BXI 2EY TRV HHAL, 7F
9] A7} A FRZ YA BAHY FHE AL B F AAG £
ANzl g ZAJFL Aol Ao we 234 dUsA BAH H
AJE F2RE B & ANen, EAT 108 A FdA 7 I 727
FH4ES BEY F UAAT. 2 AAH o2 EFHAT FUtd ©dE FRE
ol AT & AT olRAL JEHoZ 2% NaClel A7l s o
= AE gel Aol o]FojH7] HEY A2 HATH
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20-S4p-00 ©00029 WHLL. Bam 15.0kY x2G8  200um

1-5
Fig. 26. Scanning electron micrographs (X200) of chicken surimi gel at different
setting temperature. 1-1 : 2%NaCl + 90C 30min, 1-2 : 40°C lhr + 90°C 30min,
1-3 : 50°C lhr + 90°C 30min, 1-4 : 60°C thr + 90°C 30min, 1-5 : 70C 1ihr +
90°C 30min.
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Fig. 27. Scanning electron micrographs (X200) of chicken surimi gel at different
salt concentration. 2-1 : 0% NaCl + 90°C 30min, 2-2 : 1% NaCl + 90C 30min,
2-3 : 2% NaCl + 90C 30min, 2-4 : 3% NaCl + 90C 30min, 2-5 : 4% NaCl +
90°C 30min, 2-6 : 5% NaCl + 90°C 30min.
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8p~00

3-5

Fig. 28. Scanning electron micrographs (X5000) of chicken surimi gel at
different salt concentration. 3-1 : 0% NaCl + 90°C 30min, 3-2 : 1% NaCi + 90C
30min, 3-3 : 2% NaCl + 90°C 30min, 3-4 : 3% NaCl + 90°C 30min, 3-5 : 4%
NaCl + 90°C 30min, 3-6 : 5% NaCl + 90°C 30min.
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Fig. 29. Scanning electron micrographs (X5000) of chicken surimi gel at
different mixing time. 4-1 : lmin + 90°C 30min, 4-2 : 3min + 90C 30min, 4-3 :
5min + 90°C 30min, 4-4 : 10min + 90°C 30min, 4-5 : 20min + 90°C 30min, 4-6
: 30min + 90°C 30min
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uh q7bA R wE 247 3323

A% surimi gel®] ZAZE FFAF7] HF WAz HAE EFINA
gele AZ3HAS 9 gel S4o] FAHEXNE dolrdt. AMAEES Egg
albumin, Starch, Comn Strach®] A|7}X& o)L Fow, 4z} 2%, 5%, 10% FF
dA Artstgch. MDCME 7HX 3 +=HE F39 surimi& HZ3}AE | F
2o] 91% HAEE vl$ ¥7] W& HMAE EFEA FEE FF3 F7MA
o o3 wedA §Fo] ZriHo] gel EHL FANINA HEAE Lopr ok
A7t & FEFFLS Egg albuming] A9 2% A& 88.9%, 5% FEIAME
86.16%, 10% FZJA & 82.92%E uYelA, Starche] Z ol 2% <=
88.5%, 5% FTAM= 86.29%, 10% FFdlA = 82.36%% i, }U}X] ato 2 Com
starche] 72 &= HIEFE 2% A E 87.46%, 5S%NTEANA= 85.75%, 10% &
dMe 81.78%2 H7IA FFHI ¥xFd FEHFZFE BIen aFdME
Com starch7} %zt o] @& $#EFS Yehdoh H7ME Az geld ¥4
BE gstr] 18kl ta2(Compressive force)@ TPAE AA AT ¢&Y
AME 2%FFANE SFFAE] /M8 A7t FRLH, 5%, 10% FEANA
+ egg albumino] 7F4EL AAE YE UG SEFAEYRE g8 AL A
e 2% FFANE g FUAg vk gE BAod FteEEel Fot
ol wel gelel ¢&FAHE FI/HAIIA K& 10% FEA albumin(1280.64),
corn starch(1256.54)o] 1] uj$ & 36602 HMFEEL FA4: FEHIFS
Y24 dNed, 2ARE FAANA REE & F ARG FEHAL =AP
¢ 23 £ Y TPA Ao 7 Z(Hardness), 434 (Fracturability)|
FENGME HIleFol /g we I&FH o2 £X7 Feien, 4FAY
o] A} upAIIRAZ egg albumino| 71 F& F/EARE UEHd. starche
A 5%} 10% FF Alold] HAo@F ol Holx FRow egg albumini}
com starcho] H|3 vl ¥e& Fxe RAJFEL JeEUd HFHY
(Adhesiveness) 2= egg albumin®] A ¢ 2% FFEAA -79.44, 5% FFdl
A -293.81, 10% FFA -669.445 ety ot & F A7tAlY vl oj$ F2
H3g e Jehidoh. 244 (Gumminess), A 24 (Chewiness) &EME FE9
ByAAe Aot o] egg albuming] EFHsF /MR Ekew, o
comn starch, starch £0)Qth. M7HA] A}AE A/NFES 2o AR gel
o] A EAE Yol 243 F/teFEd BE FEFFS AVZA BF 4
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SHBRAY F5HFH TPA §& T3t S gel] 2247 F¢ FHAIN =
egg albumino] 73 ¥ ARE 7HAE & F AUL, ANMFEL 1% 2 3
7H8E W g FL gelo] TEIE ¢ F YU

Moisture(%

Abumin 10% V77222777

Abumin 5% 227 727 70

Abumin 2% B 7 7 7 7

78 80 82 84 86 88 90

Fig. 30. Moisture content(%) of chicken surimi added 2%, 5%, 10% egg albumin

respectively.

Moisture(%

Starch 10% 22777777
Starch 5% V2 7 77
Starch 2% VZZZ 7227 7277 7

78 B0 82 84 86 88 90

Fig. 31. Moisture content(%) of chicken surimi added 2%, 5%, 10% starch

respectively.
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Moisture(%

Com starch 10%

Iy,
‘Com starch 5% 77

: ]
Com starch 2% V77777777777

76 78 80 82 84 86 88 90

Fig. 32. Moisture content(%) of chicken surimi added 2%, 5%, 10% comn starch

respectively.

Compress(g#=cm)
500
400 _L
200 .
200
100

0 . .
Albumin 2% Starch 2% Corn starch 2%

Fig. 33. Compressive force(g*cm) of chicken surimi added 2% egg albumin,

2% starch, 2% com starch respectively.

Compress(g+cm)

E |

Albumin 5% Starch 5% Corn starch 5%

~B8BE8883

Fig. 34. Compressive force(g*cm) of chicken surimi added 5% egg albumin,

5% starch, 5% corn starch respectively.
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Compress{g+cm)

1500
1000

“C _mm

Albumin 10% Starch 10% Corn starch 10%

o

Fig. 35. Compressive force(g*cm) of chicken surimi added 10% egg albumin

10% starch, 10% corn starch respectively.

Haidness(g)

o 8 & 8 8

Albumin 2% Starch 2% Corn starch 2%

Fig. 36. Hardness(g) of chicken surimi added 2% egg albumin, 2% starch,

2% corn starch respectively.

Hardness(g)
150
100 —
5 B
oL : —
Albumin 5% Starch 5% Corn starch 5%

Fig. 37. Hardness(g) of chicken surimi added 5% egg albumin, 5% starch,

5% comn starch respectively.

242



Hardness(g)
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Albumin 10% Starch 10% Corn starch 10%

Fig. 38. Hardness(g) of chicken surimi added 10% egg albumin, 10% starch,

10% corn starch respectively.

Fracturability(g)

BB

Albumin 2% Starch 2% Corn starch 2%

o 8 &8 8 8

Fig. 39. Fracturability(g) of chicken surimi added 2% egg albumin, 2% starch

2% comn starch respectively.

Fracturability(g)
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Fig. 40. Fracturability(g) of chicken surimi added 5% egg albumin, 5% starch

5% corn starch respectively.



Fracturability(g)

100
y -
’ . .

Albumin 10% Starch 10% Corn starch 10%

Fig. 41. Fracturability(g) of chicken surimi added 10% egg albumin, 10% starch

10% com starch respectively.

Adehesiveness(g)

Albumin 2% Starch 2% Corn starch 2%
0 . )
= = |
-100
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Fig. 42. Adehesiveness(g) of chicken surimi added 2% egg albumin, 2% starch,

2% comn stach respectively.

Adehesiveness(g)
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0 . A
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Fig. 43. Adeheveness(g) of chicken surimi added 5% egg albumin, 5% starch,

5% corn starch respectively.



Adehesiveness(g)

Albumin 10% Starch 10% Corn starch 10%

° B

Fig. 44. Adehesiveness(g*s) of chicken surimi added 10% egg albumin,
10% starch, 10% com starch respectively.

Springiness(g)
0.95
0.9
0.85
08
0.75 : t
Albumin 2% Starch 2% Cortn starch 2%

Fig. 45. Springiness of chicken surimi added 2 % egg albumin, 2% starch

2% corn starch respectively.

Springiness(g)

Albumin 5% Starch 5% Corn starch 5%

Fig. 46. Springiness of chicken surimi added 5% egg albumin, 5% starch,

5% cormn starch respectively.



Springiness(g)

0.95

T

0.9
0.85 .
0.8 :

Albumin 10% Starch 10% Corn starch 10%

Fig. 47. Springiness of chicken surimi added 10% egg albumin, 10% starch,

10% com starch respectively.
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Albumin 2% Starch 2% Corn starch 2%

Fig. 48. Cohesiveness of chicken surimi added 2% egg albumin, 2% starch,

2% com starch respectively.
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Fig. 49. Cohesiveness of chicken surimi added 5% egg albumin, 5% starch

5% corn starch respectively.
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Fig. 50. Cohesiveness of chicken surimi added 10% egg albumin, 10% starch,

10% comn starch respectively.

Gumminess(g)
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Fig. 51. Gumminess of chicken surimi added 2% egg albumin, 2% starch,

2% comn starch respectively.
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Fig. 52. Gumminess of chicken surimi added 5% egg albumin, 5% starch,

5% corn starch respectively.
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Gumminess(g)
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Fig. 53. Gumminess of chicken surimi added 10% egg albumin, 10% starch

10% corn starch respectively.

Chewiness(g)

15
10

Albumin 2% Starch 2% Corn starch 2%

Fig. 54. Chewiness of chicken surimi added 2% egg albumin, 2% starch,

2% corn starch respectively.

Chewiness(g)

o388 88
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Fig. 55. Chewiness of chicken surimi added 5% egg albumin, 5% starch,

5% com starch respectively.
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Fig. 56. Chewiness of chicken surimi added 5% egg albumin, 5% starch

5% comn starch respectively.
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Aa4d AL
1. 2F AsdyA HA 7€ &Y

7} AALE N5EST AALEASE A% Wy §Pol ¥1 wuI ¥F
o Ron Suuel slsAol W Hed FSut Fdo) WABE 4
A% 9a%oz BAHT.

1}. STPP(sodium tripolyphosphate)& A& vl2 Al43l9S o A SURIMI|
Heet MAEs} ERT HAEs vol @R A HJYH EHY FEE
%9tk SC(sodium chloride)e] §doz A S w BFEG x29 HAH
o] =qtth. FAMol HFF LujE STPP7L 32y STPPY SBC(sodium
bicarbonate)e A G2 Y Fol §9 pHE XAl =2 SCE Al&sdt=
Ro} vlg At Basgdot.

th AF9 ol2BE(0%NA 1.0%)E2 FHASEE AL surimio] MZAAEE
B o)AV}t FUEFE HE, AR, FARY FUE D AR R
3o A7 F AAYE ¢ F AU BHEYES B TPA(texture profile
analysis) &2 o)A 02:04%, AFANAH 03%, FAFENA 02%e] 2349
o] 7t& Egith waEty M7 BEAES 1P HA ol2BEE &7 02-05%

gl

g FARFE 194 4872 FHEFE J20)% A=W F718ta 3
Ax@7t 2250 B¢E AAYS e85 AU FAZSFd o2 By
P F7tsta 234 gFol FoERT. 22U TPAY A@Ho] Heoix&
2% Byt AP0 A @ AHATFEE FARF BEFE AT
7129 A7t EAERNLH 33 A 2FAA STEYF] AT gel matrix
7t Aol FR&AT. weld ol8A AAE A NZ2F HITHYVE 1Y
3t 33 A7 utEAE ez FIHUS



o

o 4Agds SRS 4TS 0TE 73] AT A% B&HIM 4T
$3re 2 A7s EA™A 20T S50

uh. pHZ 8olH 747 ZaAYSE g WNEsl Zrbem HAE, 4
E, dMEE Bastd §427 3 AASRY. ws4ddt 964 wud @
& pH/t Z7194 2 Ech TPA test, AW, A%, YAPES 2L B
EA& pH 6.0014 71 Eokoh webA 7hEd o ® surimid] gel F=7 &
o] pH 6.0914 7}¢ & Aoz #AFHUG

2. A% surimi®] YFHEAY R AR re &Y

7b. FEn] @ude J)54He AFLEr Be€44E #% F =d(dip) Fo)
Qo 1z, Mol HAoAH, 71AH A zo] WA ¥F FEvY T4
€ -10CAME FA 7150l FAHUL, -18TAME FEH2Z 7]540]
AAHYY FFXET 2AY AT HAFE st geld] 1ED
TZE7 BEHX I uAFE 2F0] A 25T T oy A% g
A4S B4

U, W5AAEF AFLEs $E& 42 TBARS(thiobarbituric acid reactive
substance)t} lipid peroxide(POV) AAlol JAISH A1, dFrET FFHE S vl
H71slA -10C e -18TAM T A8t A =7 F7HE A

t}. 4=gjujo] <¢l1A¢d(sodium tripolyphosphate) 0.2% + < u]E(sorbitol) 4% + A
B (sucrose) 4%} & A F(sodium chloride) 3% + £H|E 4% + A7 4%E A
bt Sadde] YEHAS HAE £ Ade M HFE WAt QA
Q EFTE A7, A 2 dd Ay WA S5 Ao BHEY
}.

g}, Uk 28k AQ propyl gallate 0.02% +. sodium ascorbate 0.2% + sodium
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tripolyphosphate 0.2%& < 2jvld] HF7i3td =T Wl YFF AWLsE
A3 JAANZE 7 AU

vl dub gAskA Al Ad FAE FEE(oleoresin)F oA §7HF A Fo B
o] AlgEHAME 34ksl o] 2 rosemary, thyme, sage, mace, marjoram, bay 2
& FAZ 0.05%4 AUt YEALFT A5 A S R 5+ Y

o AFeES J12e] BE £YuI%e olfety WYHHE 2w, oo
WAHSA7) s AAAY FE F& BAA YELEo we gud WE
WA PASH NS PARL FYSHA

3. %A AS] surimi ARV E §Y

b 92 2%(5T, 25C, 30C) 997 & %4757, 50T, 52.5T, 60C)d)
A BT 3ddge] A4S FUsA.

g % 2EQ STlNE gaFe] 004 73 £ Fe Ugyon,
25T E 3AZke] tzFol Hla) 28) AR A5k BFATH 30TAA
E ohAAAZ 343 R L FRAL nAFYUG

o gelAZE At H7MEHA He HAAY e A=t FHgel we
A&z FrhtAen, 3%AA M £ AP L YU 4% FEAA

F2IAUTT %A E UAl B

2 A F Ao FUIAFE ESANY diF A= 10mint EFHL o
M L AFEE /A L 2FAE Jeld e gdsig.

vl dAg xdo) dstd= 60T, 70T, 80T oM BT 90°ColA 4083 719
Aed 7HE & FAYE JEWT, 10TANE F& S0 o8 @ W
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gol dojyt gelo] A FAHHA R 2o &Ho] Ertsste] A
A =& 90TA AL ¢+ A}

wh SEME ol4¢ ZAVF AF seting® S0CAM, FBEE e, T3}
AZbe 10mind) A BRAY zHo) ury FYRon FHo Fu £ B
ohowpetd, 2ARR) A AR FARE WA Roz uE
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FAME egg albumin®] F I} 77 FHolwth 10% FFE) M) egg albumine)
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A4z Ase £Y3tE 2igt AT
(M22] &2t Al)

Al 1A BEIE o] &F gar] BHRAFA=TAMNL

L gdedge) duAE FHEARA
7t NgEel He

D Ag T4

B ATE AT 2SR =AR)L A5 sdAle AXNE FA7FF A
179 3oz 200ty A& FUFATE. FIE d8SS 7fRo] Ao @
vheE] 4 vldWo Po] 4T WFR AL

2) gL xo nE Y=SAHHA

HETE 7SR AFLES T0CHA HEE FFAA 98 Rez 3
god, + HagFe dBLEES 100, 105, 110, 115, 120, 125CT2 8 Q=, 29
e AL 20, 40, 6022 HA3td F 18749 HYTEZ BEHHoT
olwj o] &2 autoclaved o] &3t AA ST oF & AYTY Yz
FE dgHE F A2 308 WY F AL AHEHA o) F{H A
Zol ME EHAEE o &3

AdA & SN ANPEENE 3"}El°ﬂ*1 zZtzh 3fE F 9t
Foz JdUAES BN, d9A2E 485 Ao Uy 8N
gtot 2 AgE A7) 3t dz7 24 AYFEE AHE AS5E O



oo YRHET AE, AV, $4L 35%Bae] BARUL, JUATE
L7198 Aol Wel A=E FA AT

dubgEe zaud, 2, FE, LTS EHded, ARy 9w
AHE FFL AOACH(1995)0) wat =eud $3e Micro Kjeldahly, 8%
F& 105C dry oven AZY o2 RN, 2 EFFE 560TAAA 82T
¢t muffle fumace& o] &3k, XA & Folch 5(1957)9 WY& o] 43}
o EN&AT.

2) 2AHEY

dx9l AEE S Instron(Modell000, v}=)2 Algsle] ZHxelTe 71&Re
23t th(Chen. 1979). A% H$ 7/H&RAY FAHAE lem, 7FEXAZ
X32 sampling3l® £33 Q5, 2L AN AZo] ME Z2HHH
Hol AL T4 lem, 7IEXAHZ 1.5X4cmE samplingdle] &3 3t}

¢

o
g
A

—

o o

3) $4&5H

S MZEH L Colormeter(Color Difference Meter, Model No. 600 IV, Yasuda Co,
Japan)& A}4-3t] YT A8 JtERHE 33 E ZAINYY. o|d EE
AL 1=89.2, a=0.921, b=0.782 & ¥ }.

4) FAEA

FAAME T2 SAS(1995) Z2aYP L o] {3 BAEAME FIY3A
, T 494 AAL Duncan®] Multiple range testz X 2]3te] A3} z}o)
B A QTHP <0.05, P <0.01, P <0.001).

K

i

o). Wk-3-H A B4 (Response surface methodology, RSM)

HA dgAY=AS MRS A%t JtE2ES HEARE SYPESR
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3led & 187) ANE2FL FAYE AY AYsPen, 8, cooking loss, 7}
a0 Awy, A7olme] #x, L value, a value, b’ valued Z&WE&Z 3o
HIFEALYE ST Table 12 F 3 3H(coded) R M| F & Sf(uncoded)d M
g ol WF Z &L JYE o, Table 2= RSMo| A APAAES Y
ERA T HES-F -2 SAS(Statistical Analysis System)2] RSREG procedureE& A}
£33t A& dvAo dE H&ol Husl HA ste AXHzPE HF
gt AHE Axddd. 2HZe 32 Sigma-plotE AE3te] YERR
t}.

Table 1. Independent variables and levels

Independent variables Symbols Levels

Uncoded Coded Uncoded Coded

20 -1

Heating time(min.) t X1 40

60 1

100 -1

105 -0.6

Heating temperature(C) T X2 110 02
115 0.2

120 0.6

125 1
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Table 2. Experimental design

Coded variables Uncoded variables
Treatment - - -
No _ X1 X2 Heating time | Heating temp.
(t) (T)
1 -1 -1 20 100
2 0 -1 40 ' 100
3 1 -1 60 - 100
4 -1 -0.6 20 105
5 0 -0.6 40 105
6 1 -0.6 60 105
7 -1 -0.2 20 110
8 0 -0.2 40 110
9 1 -0.2 60 110
10 -1 0.2 20 115
11 0 0.2 40 115
12 1 0.2 60 ' 115
13 -1 0.6 20 120
14 0 0.6 40 120
15 1 0.6 60 120
16 -1 1 20 125
17 0 1 40 125
18 1 1 60 125

2. {4 g1719 g

2N4EE T3 AAY ZRANI12T, 408) wa 92 SAJ=A)E 98
A2std FKE AAsn, dFEIGez Bt FARE, SFFAE,
AZVEE 311, 20, L, 12, 13(Z7:FH)E F 15709 A Foln 3 my)
o} wWigsted 2 digule g vigd AT FEFFE 20%7 HE
2 ujgs ) o)A Pearson square’t g F3 179 FEL ZATF 2tz
TH9 dAstA st
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o} BAz

TFEHF] 20%2 xH3] uigE AEe FIIFHIALATEA e 4
AZ71E ol 83td dger AxHAUY. D9 7= AH 3mmt A=
25 JE plateE AHE3td & wjujd2 EFE NEE o83 AzIIA
I, Az F A8 FHRAA FEE U $£FA27E T A=A
oo AgEE 4o ExF ada £F4 5 dRHA =g dgoes
Az AN8EE ZtotAld Bol n2A A H F WA UALFS AR
O dges AZHNF WP Nae FAY Azxd Mg ¥ FA3
DA ZA Z+zte] ujulo] e Ngeo dAA=LEE £43%

vl 9 3}

1) B3lxd A4 53

WzAL FIJLEE 260T, 270T, 280CZ 319, BE/FIANDL 5%,
TZ, 102239 AYFE 2g g2 Uyro AAsAYG. HdAHE HgxdL
F 187txjol3m, g ST FHY F11E aigstd "oz Az
ANBE 1570022 F Ao o]&HE HIAFE 27071X ot BEE Auto
Grill Popping Machine(JT-04)& o] 23 ¥ 1, W3E ARREL 93 Ao
B3 3, olF HIAHE ALY st IUx, A, Ay, 8%
AAE #4434

2) i34

Y& Bhattacharyas o] Wie) F3to} Az A8 Ryg FAZEE A
Attt Fule BEd A8 E ZolA number 6 sieveE FTHAAITIR 1 AR
€ 50m¢ cylinderd] 2A dol 2 £3& ¢dToh ol¥A &X3E Hog IF
# Yol AEE FAPsted @ ANEF 3EeR Ffch
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) MESA

Batd Age JIA=E FAIAE HESFPFL AAA(Hunter
tristimulus colorimeter, D25-A2)& 71X 1 33 AR HEL), FNx(@) &
AEb)E YEMA L 3 A8F 3502 A3

4) AU

vt A gles AEE £38 7] ¢98le Wamer Bratzler shear- compression type
& AHR3tY HalE AgE 53¢ @ YehlE Y& Instron Universal Testing
Machine(model 1000)2.2 Z33H R 33 HELYP HIHE HeE iU ©]
9 7719 2% z2de oed gt

Cross head speed : 50 mm/min
Chart speed : 200mm/min
Max. force of the load cell : 50kg.force

Ab HAEs2d 29S AY HSEUEH g 494A

Py Age U5, 494y, L, a, b valed) AFRE E3 HARuiFuls
A48t HA Hstzdg dAEHr] Astd SHEFS 7FE2E(260, 270,
280C)2k ZEEAIZKS, 7, 102)02 YT, FHEFE UE, FINY, L, 4,
b value2 3t} Table 3& % 3 3l(coded) ¥ H]H 3 3}H(uncoded)d WS¢} o]
E W4 4 £F& JeERdY gEEEAS SAS(Statistical Analysis System)<)
RSREG procedure® Al83to] Mstol & x&ol Hursl 9A s JH=
& d4sE AP AxaQT, aYZe] 2L SigmaplotE AHEs Y
2t Pel=g
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Table 3. Independent variables and levels

Input process Symbol Levels
variables coded uncoded -1 0 1
Time(sec) X1 t 5 7 10
Temperature(C) X2 T 260 270 280
of. A4l

A e 1299 #5899 oA AT BEANEA ¥(descriptive analysis
with scaling)S YA =& WAL E sty AEE HE}2 1 A8 E
oz AAFATHABRS T, 1995). ZAld FEL 9@, &9, &5, upy)
At A, F9, 7HE 77 =ARX e AER F 671A 3 Ee #Id HYiiE
AAEAT 2 FE2 Z4zte] P3id AR Ui 6719 #BFAHA HAL
1~108 & 7I122E HTE HV|SES 3o 2 FEAZ 99 HAEL §3
3= E 3

2. 4723 2 2%
7} xAY QRYREA
A AZo #EHD YT A=A IYE BAE F 192 GuEHe

o o]g 27 EE ¥ FUYL 2 sampleS S U7l Ashe] grinderz 23]
2% Azt YRR S BAFA
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D YRR

Table 12 A9 AWM EEN ] g A}o|r}.

Tablel. Chemical composition of spent fowl(unit: %)

Water holding
capacity

67.46+3.13 1.04£0.09 7.15+0.38 24.36+2.81 33.58%+2.35

Moisture Crude ash Crude fat Crude protein

FHSEY AS IBHO2 12 ~ 15kgBES FHE T 69.58%HEQ
g o 6746%2 Re FERUFS HYth A% dud IRYRA S
(65.23%), X3]2(1.25%), =Y A (23.79%), ZA4H(7.34%) v (LB, 1994)
zUuds FPol 2436%2 4 £ AL B 4 U ol FRUYo] 4
ddoz i dehd 2eae uge] BAl Uiyl BEoloh

g @9AAF =A% YRR 2N B

D 289 A9 gt E

Table2= 2zt H2lWdol weh Autocrave® o] §te] HANAR & 27} 3
WEo 2 BAY Aol
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Table2. Chemical composition of cooked spent fowl

100C20 100T40  100T60  105C20  105T40 105C60 110T22 110C40 110T60

CL" 5I5+#260 280+345* 7157:616% 16701496 315610 RULLPT  Bo1E26" NETEIZ™ UL
MO™ TNBEIE G6BLLE @S2I GRS BB Q504 BB 6LIGT0E® Lo
FA" 4016 546103 4016 3BHOIE 446008 asI0n 30408 208+033° 187100
PR™ 253057 Z31t1%® 07197 H1912% W16+iA°  NHH0K°  BELYT 06065 BB
AS' 091007 088:013 0%x00g 0%3t06 0900 LL03™  0FHron™ 1065017 Llot019*

115T20 115T40  115C60 120T20  120T40  120T60  125C20  125T40  125T60 Control

CL™ M50 BALOST® L4F149% FHLAUT™ 4B117° QN0 L2270 LBE" 4X%HY  27461513°
MO™ 2510 F10+0 5050+00® @10 206 HAINY BO0AF 0O108Y BEHX BBHX 6.B+2167
CFAT AGH0ZF G0N 3045 4% 103 AS4r04  SER0IP 4BE0IF 699102 54015 550%032°
PR™ M7I123F J20:04° BHX0S® 35 04° B0 UBHBE® NHES BB NHH0 N46+10°
AS 12017 LI2H006™  LIGHOOR™ LIS3t02™ 1Bro0r™  L4A00F  LIBH0I 15008 10305  092+0.2°

" P <0.05, " P <0.01
*iMeans+SD in the same row within different superscripts differ significantly.

CL:cooking loss, MO:moisture, FA:crude fat, PR:crude protein, AS:crude ash.

Cooking loss9] 7% F2&Q o] &(P <0.01) Ryed, tiyez 7142
T2} 255t wt z@Fo) e, 2449 stdL RN Ake] A
o wa £§ F/rsA. ol vz FEFFLE 7 AL Ed JF AT
Z7t5e wet FEFE A2ES ¢ £ Uk 29 zedAS =AY, x3
R SRk agd wet Adiyez I gL Y FrEHA,
AN 2 Fe AsHA gtk Yz2TY FEFFS 100T 60E, 10
5C 4022 X9 vty 29 100CHYTE AT UdA AHYFRot
g g B 4 vk dxT7e undd FHE™ 100T 40&, 100C 60+,
105C 4082 7% A9 v A%E £ 4 AN 23 22, 27
AP 0.01)& AFs FIxE BPon, Z3E(P (0.05) 7 FJHA o]
g Bt

2) &4
Table 3& 2z} M 779 SAEN dig Zroln.
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Table 3. Change of CIE L, a, b of spent fowl treated by heat

10020 100T40 100T60 105C20 106C40 10560 110C20 110T40 110T60

L' TRE708™ TISL06 TITHOT TINE0IF T6BI0%" THRIOB™ BB MUBLLI™T  THOTH0E™
al 163%097T 048+015% 0470 1090I07 0204031 103008 07303 L07+042° 1160237
b? 107349 13324047° 1356£057° 15181201 148510147 157440537 1358+038% 15781062 152340.8%

15T 115T40 115T60 120C20 120C4  .120T60 15T 1540 12560 -Control

L™ 75414086™ 74124136 TB052™ BOOLLI' T2 TVEIG™ TBATEISI™ R6L2XT 48T BBLLTBE
a LIBT059T 203103 237045 LOTHO3YF 231027 S0It12A S15%22  6681106° B0B:139" L8900
p?  13701031% 1518+120 1584087 14550817 17381124* 183197 19161198 281+235° BB4R' 134114"

" P <0.01.
“#Means = SD in the row within different superscripts difer significantly.
L:Lightness, a:Redness, b:Yellow.

L's 958, 2t FASE 9uaty, b's FATE ujgig. B Ayl
ol AHFE EF ZIdAYE Aoz S4& SHHEEN A7 FEE
et & AT 4 2EEE AEEd tEAZe] FUMgE wEtA] e
FAE7t FHAL, A= F2GAT MY ¥ 2529 125TE AHId
AT A FNTrt b 243, olge R 100C A4 /M 2 A
S 2 F AN ol d AL MR U3t 318A W3, §3] globint &
ol MAgHI, olF AL SMAI HAH, SEUE FAFL U otvx
Abe] amine7]7} glucosest ZA¥ate] Yojuht Maillardzt 43} whgo) =@ Ao
2 BadgCArlE. 1992). gxFe M JiEoZ HAHEE 100T 408,
100C 60%, 110TC 20%, 115T 20%29 A ol& 471A AHTFEY F40] 71
A fAeta, HETFEA 7MY FPsiga wddd. L e, b'E 474 43%
#9aE B QH(P<0.01),

=z
Table 45 2 M7 A= U 420t
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Table 4. Change of tenderness of spent fowl treated by heat

100C20  100T40 100T60  105C20 10640 105T60 110T20  110C40  110T60

42+064™ 5701050 ATBL0H™™ 599+020" 5274042 3871057 592+013° 498+042°° 404+028*F
0044003 005£001™ 007+006% 004+002% 0032001 007+006° 0041001 003+002% 003001
0380200 0361008 043+008™ 036+002 042+010° 0581008° 038+00F 057007 065+004
07410087 0672008 080+00F™ 073+006™ 08+014™ 10310027 074007 097+005%™ 099:+004>
018%0.18" 013£006' 020+06™ 013+001'  019+008% 03410048 01620038 0321006™ 043+006%
067066 074027 0R*0U® 077+010%* 0941035 1284013 090+014% 1582045 1701005

ELEEE

115C20  115T40 115T60 120C20 120C40 120T60 125T20 125C40 125C60  Control

602+143" 43S 3800237 527001 349£090° 298103® 2B 2B0K” 1624048 450105
0.04£008%  005H00I™ 0.04+001™ 00600I™ 004+001™ 006+001® 001200 008+0WB™ 0B00I™ 002+001*
055£006™ OSTHOE® 0S7T+0.10° 0641004 063+008' 0671008 054+012* 0STH00® 0414007 045+003
0782008"% 0W0E™ 097007 088+0020™ 088+008* 098+002° 0811009 08100 0691014% 0772006
031007  0BHE™ 0UL0.177 041+004™ 0482006 046+004° 031+013% 0B+0G™ 01840087 021003
183£067°  18HT 15H0F™ 216£028"  161+02° 133018 0772051 0T0I® 027100£ 094+106"

-ELELE:

T P <005 P <0.01
“’Means_iSD in the same row within different superscripts differ significantly.

HA:hardness, AD:adhesiveness, CO:cohesiveness, EL:elasticity, GU:gumminess, CH:chewiness.

BFL2 dF 2T AS g AT s gax A AL B £ 9
A, 125CelA 6085 7t9d A7y 3¢ 713 daidoh dAdez =
< REUSFE dst, FEAItel A4E £F AP o] e T AT
AL AolE Jtgel Y 2H2HY HIE dojys 284S & 24
dole] zZAe 9% HRoz #AYEd. ZAE, ¢34, @34, gumminess,
chewinessi= 2t7t @@ FARP 0.01)E BFon, HAH =3I FoxHP
<0.05)8 Bt}

£y
-’

25229 ADHF Mo Zx

Table 5= 2+ H2j7te) 25229 HLH M) Fxo) g Agog. 5}
F A9¥L £& 7tEE=d v B2 227 gz ke AL B
2, HYFF 105, 110, 115, 120CAA 7tEAHE ddd e g2se A
T 7 3, 125C 60802 7tEE AYTE /M @& Adde uyo.
dre A4 THEEE, HEARY wEl 3 Xelg BolAl 4y, 9
A Aot gt e Fee A FAFE HATP <0.01).

¥

E go 4> o
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Table 5. shear forces of breast muscle and

treated by heat

strength of bone of spent fowl

100C 20 100T40  100T60 105C20  105T40  105T60  110T20  110T40  110T60
SH™ ALIELIE™ 4842054 438028 560+091' 5I0t084° 440205™ 5572027 AW 4REOSP
BO 73%31' BRISZ  19BLLS 8% BB AKISS 913290 NM0ILI 148319
115C20 115C40  115T60 120C20  120T40  120T60  125C20 -~ 125C40 125T60
SH” 500£088° 360107 3094012  3WE130°™ 301107 319052 U0 IBL0ET 2640
BO 1448108 148250  BIERY B  NBELY  BRETH 13RI ABERL  NWN4H

P €0.05, "":P €0.01

*Means £ SD in the same row with different superscripts differ significantly.
SH:shear force, BO:strength of bone

Table 6. Effects of cooking temperature and cooking time on spent fowl

lr.xdependent dependent variables
variable
Run i
temp | time 48 °°;S:“ v @ | b |Hed | mg 3=

1 control 63.93 2746 76.23 188 | 1341

2 100 20 70.23 5.15 73.92 163 | 1107 { 411 17.33
3 100 40 66.38 22.89 71.86 048 [1332 ] 484 23.82
4 100 60 63.81 27157 7717 017 | 1356 | 4.38 -19.33
5 105 20 67.64 16.7 77.90 109 15181 560 18.85
6 105 - 40 63.35 31.28 76.81 029 | 148 | 510 13.23
7 105 60 60.86 38.84 75.52 103 | 1574 | 440 21.80
8 110 20 66.78 23.01 76.93 073 [ 1358 | 5.57 19.13
9 110 .40 61.19 34.67 74.75 107 11578 | 5.00 20.67
10 110 60 61.79 37.94 75.07 116 [ 1523 | 4.02 14.43
11 115 20 62.45 2.4 7541 118 {1370 | 5.00 14.48
12 115 40 61.39 36.54 74.12 203 [ 1508 | 360 17.43
13 115 60 59.59 40.42 73.94 237 | 1584 | 3.09 18.37
14 120 20 62.19 36.55 78.00 107 11455 | 393 27.98
15 120 40 59.47 41.83 7341 293 11738 | 301 20.23
16 120 60 59.07 42.70 72.29 5.06 1838 | 3.19 15.53
17 125 20 60.42 43.22 75.17 5.15 19.16 324 13.32
18 125 40 58.95 42.89 72.06 668 |2181 | 335 31.98
19 125 60 5828 | 4736 69.48 808 | 2348 | 264 20.30

e EREBHE A8t ELES ARAc) dE 2P xAe SRz
22, tege A9t Fgo) Wl ZE, 49 FEL), FYE@),
FAED)O] oAe G BAHROH Table 614 B upet g},
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Table7. Analysis of variance for the seven response variables” to the second-order

model to estimate the efature and cooking time on spent fowl

Moisture Cooking  Shear force Bone L at )
o
Regression v P oo Pob oo Pmb oo Pmb o Pob o Pub o Prob
YF >F >F >F YF >F >F

Linear 2 509.5360 0.0000 5186.2250 0.0000 29.1829 0.0000 37.9424 08128 149.0792 0.0000 185.7963 0.0000 361.8330 0.0000

Qr‘:i‘: 2 187223 00245 1480914 00100 36893 0.0508 2023798 0.3378 90328 04262 51.0547 00000 454127 00041
;:::;t 1 26139 00018 4584624 00000 02201 05332 34562 08464 633527 0.0010 258763 0.0000 81009 0.439
};l; Zt:els_s 5 5538622 0.0000 57747787 0.0000 33.1014 0.0000 2437784 0.7487 2214647 0.0000 2637273 0.0000 4153467 0.0000

R* 0.8317 0.8920 05425 00528 04700 0879 0702

¥ Moisture, Cooking loss, Shear force, Strength of bone, CIE L', a’, b values
? Degrees of freedom.

» Sum of squares

Table 7¢]4 HiE ulsh o] FEH cooking lossot FEe Z$ A
modelo] & Pvalies ZEo $ol4E QTP 0.001), cooking loss S 1
e FE Fol2E BYIP <0.001), 2442 LEHHE P <0.05
s2dA Fo4e 23Ut ZRASE 22 08920, 0831728 FABAN &
A uvebdoh stege dgde 1RAqME 2xd f9R7t ARTP
<0.001), 19 2347 mEAME Fe]l VAR gt AHAFE
0542624 HZA AuAZL $A ey Fo] W ZFEE FoH
stol7h AT, AAASE 005282 AvuAsF A2s A dErd. 4=
@Ye A% 1AM E FES fAAE BIYREP 0.001), LEHME 4
T FAXNE BALP <0.01), ZRFAFE 0470024 vlzy vt A%
@)% A4 FE9 FARE LATE <0001, FHEG)Y A4 1AM E
Zxo FoxHP 0.00)E BP, 2314 AFF FAAP 00DE £ +
o 23 7(41-1“—5 Z}z} 0.8799,.0.70222 4 ¥ A##AE Yehgd.
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Table 8. Regression coefficient of the seven response variables” for the

second-order model

Moisture Cooking loss Shear force  Strength of bone

Parameter .

Estimate Prob) |T|® Estimate Prob) |T| Estimate Prob) |T| Estimate Proby |T|

a(intercept) 2000873 00000 -437.4567 00002 -415010 00568 2747924 03071

b(Temp) -182%5 00189 62274 00018 08845 00227 -49033 03024
c(Time) -08591  0.0000 31466 00000 00393 06806 07630 05234

d(Temp*Temp)  0.0060 00805  -00197 0022 -00042 00156 00226 02844
e(Time*Temp)  0.0049 00018 00209 00000 -00005 05332 00018 08464

f(Time*Time) 0.0024 00328  -00059 00374 -00001 08106 -00070 . 03109

L ca b
Parameter - e
Estimate Prob) |T|? Estimate Prob) |T| Estimate Prob) |T|
a(intercept)  -18.4425 0.7731 196.0378 0.0000 1687751  0.0027
b(Temp) 15734 0.1680 -3.4879 '0.0000 -29816 0.0027
c(Time) 0.7701 0.0092 -0.5577 0.0000 -0.1306 0.5860
d(Temp*Temp)  -0.0063 0.2100 00156 0.0000 0.0140 0.0016
e(Time*Temp)  -0.0078 0.0010 0.0050 0.0000 0.0028 0.1439

f(Time*Time) 0.0005 0.7284 0.0004 -0.5743 - --0.0015 0.2857

® Moisture, Cooking loss, Shear force, Strength of bone, L", a’, b* values

D T test carried out on parameter estimates
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Table 89} FALNAA i v} Zo] ALLEF ABE ££3 oooking
loss, $49 JAES FAS Wwd 2A JPE WAL AS8S A
# Al A%, A FEHME FE, cooking loss, S YA
FAEBOE WA 4o g AN ALLE} AL Sdws
3 4E, cooking loss, 4559 AVYH FRoM} ZE, BE, AMNE,
8 F5U5E S G5 UL WL FUTNS ISR

T

a
oA oR

Figure.i Response surface piot for the effect of cooking temperature
and cooking time on couk ivss

Fig. 12 7AEAN¢H A 2ert 2y vids 4% vegdoezn
e ich. RSREG Wi & 2489 J3HLe AR5 AT 40
o, old FRIAFL 7335%61%% A=HU

e L



moisture(%)

Figure2 Resporse surface plct for the effect of aodking terrperature and cocking tire
onnoisture

Fig2& 719 At =71 24 nx:s 4§ wggHoz Jeyy

T} RSREG W] o3 o398 89 ZFAH(Stationary point)e 7lgLE:
112.5C, 7FEAIZEL 408 0] o ojm FEL 57.7431%2 o =5 ¢}
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Figure 3 Response surface plot for the effect of cooking temperature
and cooking time on shear force

Fig. 3& 7FEA G 7HE 227t AE e uXE 982 gy dez ye
WAtk RSREG ¥yl o8 &8 da¥e Z4He 7/tde= 12T, 714
Azt 4080l E, ol Ft&ESo] AEHL 5.5950kg/em’ 22 o &H ).
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Bone stregth(%)
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Figure 4. Response surface plot for the effect of cooking temperature
and cooking time on bone strength S :

Fig. 4 7QAZ} 7AdeEst e 220 M 982 weEdes

Gtk RSREGHHo] oa) 28 me 7Ee B4PL e FAlold]
e Ao7} gue A B

& Tk HE HRLE 11L.T, 7FE AR 408 0)
R, old WMo FEE 19477%g/m’ 22 o =Y.
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L*value

Figure 5. Response surface plot for the effect of cooking temperature
and cooking time on L* value

Fig. 5& 7FEA%H 257t g5 nAe 98 dggxHez Y
th. RSREGH ol o8] o8 HE FAHS dFHe =

742 =71 1127,
ZFEAIZHL 2080l oln HEE 7617282 o =5 T}

216



a‘valde

Figure 6. Response surface plot for the effect of cooking temperature
and cooking time on a*value

Fig 62 719 &= Alzte] AR nxe 9 HgEHo2 YU
th. RSREG i 93 «d&g HAxze HYHFLS APHoz 7ML
110, 7FEAIZ 398 0IA 1, olvf AMEE 052452 St
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pb*value

Figure 7. Response surface plot for the effect of cooking temperature
and cooking time on b*value

Fig. 7& 71dA 3 227t AR nXEs 4FE SR E YER
th. RSREG e 93] 43 FHZ9 HYHLE oz 7ML
11T, AL 40802 2HAT oAz 4¥e An JRA =9 HA
F A=E Tty HE fd UdEE 438 F S4F5A, tesy g
Ax, WMo ZArE SASEZZ 1YWL o]L£3 Duncan®] Multiple range teste] 3
T HAH AR HEEHEAYES T3 100T 408, 112°C 4083 7H4EA
g A7/ 7MY JAE e q dFHA.
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o A=A S IREAAL, AR, WD) WY

12Tl 4 4025 AFHE =ASS 302 AL 48 ¥ FsDe
LEse) NBE ginder® ol 43t BV YW AFAH FEHD e
ZAAE, $44AR, 47428 TS o8 2 FHE= 31, 21, 1, 12,
13(27:2H)2 27l Wgasd WEs] oHd =E AT SR
20%3 =2 3] Pearson square} & T3 179 FEE AT F IF
¢ dA3sA Kitchen Aid model K45SSE ol &3t i gatglct.

flo

2. uigtd Age dAs}

BFeALH TREAAR, S554AR, WS TS AAZ FA
& FEFFQOWS 2Hso ugE £ 15742 AT 27 TAE A F,
AgAz7) FEA At SEE s 1Y 24879 NEE Be=
AzsAc oY DAY Plater Harld] FAE AN2A7E a8
& 27 3mm Plate® o] 83K} B2 Az F SEGFL 0L%AER
9w, AR gEgE A W98 £IARNZ 4NN Az G A
28 AgY PAE 24351, DAz o)do] Y BAE ol4sc @
AAZA FF2 gl e AR AZF BES AWRJT, AUYE
ol Aol MAE e AWnr| Aste] YRR S FFAA

D BAAzxE

Table 8& =79 Wgul(L7:ZH)el e AR FAAZA $&00) o
@ Astol}
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Table 8. The yield -of pellecting products of fifty mixtures of three grains and
grinded spent fowl(unit: %) (meat : grain)

potato starch corn starch rice flour

ratio
312111 12 1'3 3121 | 11 1:2 1:3 31 21 11} 1:2] 1:3

yield(%5) (899 [87%689.5% |32%|27.5% | 919 | 899 |92.5% |40.5% | 38.69 [ 90.3% [91.0%6 | 34% 5196  40.5%6

37bA) ZH/9 24 FHokg 57hA] wjgel e wEo A2 LYY Azxe
& AAHoz xAKY Ht vl&o] 2 wigu|e M FE FH AL
H]&o] & wigu9 AHFE Bt oS Esith o]F ;AR S IR
Wgd A7 3$ 7 B3, 27rF9) ugd H P e F759 A
gFERt dAZ & A& € F Atk P128} PL3Y F e AgY 13F
=2 943 HAJxn, dHAE dalo] HAF 7HFAHZ DA Fo
e @4 294,

2) 433 @ AN IdNHYE

Table 9. Proximate analysis of composition of pellecting products

(meat : grain)

potato starch . corn starch rice flour

955+ 19.80% |105% (109% 117+ 1148+ [118% {122+ 1128+ [139+ |124+ 1122+ (1071 |11.0% |11.77%

MO 007 [0.40% [0.25™ [0.23*%10.15" [0.27* [0.04° [0.50° {024 [251® 017 {013 [0.32[0.17%%|0.11°%!

106+ |0.89% (0531 (0361 |0.28% {0491 (0.44% |0.32% |0.25% [023% |0.62% |052% [0.35% |0.184 (0.2

CA 004° [004® {007 0037 [0.04% [0.07 [005™ [0.02% [0.03" |0.02%* |0.10° 005" [0.05% [0.08% ]o.o6'

567+ |14.33% |2.00% |1.00% [1.67% |633% }]533+ [3.00+ }1.67% |1.33% |5.67% }5.67+ [3.00% [1.00t |050

CF™ 1.15* 058" [000° Jo00® |058” 058" l058° [0.00° [058 |058% |0.58® 058 [0.00° [0.00% |050°

407+ {333+ [214% [16.1% |9.77% |409% 340+ [21.9% |124+ [9.35% [50.1% |436% 20 205t {1673+

cP 098 (128" |oss (342 |1.19* o8 046" |0.49° (014 [os® 0.36" |07 f 210 o610 |osst

MO : Moisture, CA : Crude ash, CF : Crude fat, CP : Crude protein
. P <0.001
tboedef®biMeanst+SE with different superscript in the same column differ significantly.
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Table 9= Ztzte] A gF Eo] Moz ARY F $£FAZXVZ 40 A
Z8 tg 249 AN RY Adoith. £ ¢ B3l AR @Y
o] g§Folx, AHTELAE ol d2 B F Utk wtd ZE, A,
zadd 25 1719 HA/MEo] &L AT AS 458 2L ¥ U
Ehfgith ol AAHAES SEFAR, A71FY e A9 diEY 42
o] &3lgolng FES AT ZE kAR BA$ 1) Hiul&o)
S YT o B S FRHEE AL ¢ F Ak RE AHYEAA e
FoHQ apelE ¥ F AT <0.001)

v} B3}

Aquld¥S Bty Hgslrld A P32 E  260T, 270T, 280C=2
HARQT, 22 LEY FE APL 5,7, 1022 ARG Wl 5o
AzE AN AYFE 2 3g 02 AW Bty F AYFE gy
2 Aol oFAEE & 2707 oY BE AYTE 208 WRAYEL &3
9. olgge WyPoz s AzHo WA 4y ATE UE, 4%
2%, AeAYe $9 MRy

1) Y x(Bulk density)

Table 10, 11, 12& U 4YE T3 HdAE F7/HA9 Hd=x2d J§ P3gex
(260T, 270TC, 280C)%} Z e &x¥ FEANGE, 7X,102)E F39 7]
IAFE I, 1:2, 13, 2:1, 3:19] wjgtul2 EFE AT E o83t 44 2
Ao ot Azd BHAFY BHATE EAHIAE dxo Aot
Bhattacharya$-2) 4ol &3t Wsta Alge) %o TAREY AdsAc
Table oA R upgbgto] -7 BA|E AR A4t 43T -Egez H3rt
HA %= ATFES el Aot Table 102 53 260TolA B3} A
g ABRY S55FARY AS AYT 11, 287 12, 2g0) YA M} He
Lege By, ¢l 2750t vige ATy 3¢ 98 FHI AsE A
ZFEN ¥ AMHOZ L YEE B £ AT, ot " FIYFrY
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HEAo)l e AL ¢ F AN FAY B 111 2 31 2g9 MY T
A2 ¥ Uxe e B4 AAAETS AVMEE 4 g ANsY
$ NEFS 28 AYASHET 3g YASHIL dHez YP4Hol ++R
3, o) g8 SFEFAR wFE H T Afdde AYFol 2gol4E
W AEE 4¥4e YL, A8 3ge AYAdE BHRY =F NES
BEAE7 ol oz Ho Yot A4S B F ANeH, ok 270T, 28
0CAME frAsHA YELSET

Table 113} o] 270C2 A$ SFFALo] Wigd Mg TalA g 1],
AdF 28 AL T2E AZY ATt 3 01, 2g00A4 FEALL TR2
Az AT Loz Yxgto] Ech. AAAE] WiFd AT widy
119 A7t AL F 2g7 3golA @AY APAHAL 2 wd 2019 wjgn
AME AYF g2z 8t ARA 449 d& LN L A=y EF
Jed ole &4Hd HIHA @}y Wl AsFr Ftd AYFELS
HAZ g Yxg deElGEH ol ZAAE] H7tE 219 wigu g H%
A A3 P3Gl JHol AT FEHR o|FoAA ¥ Aoz &
et Tablel2& AW EA 280CoA = wjdhud, F/74E, AdFd= RE
A FAAN AHRE FEAdo] 52Y ALde & Alzbd A T i
G UEZRE BQ1, JYAE £ Holdth o|F AAHE] H/NE AHY
T3 FeAel 5299 AY¥Aol /M UL, SFFTE HUME AT
Z gy 119 A$ FEALe] 52U ALF 2, 3goA BxY @gx @
T APNE FL Hodth WEAGAE EE A FIde F=2 {F4HY
ZFo] 7} AU THP <0.001)

2) Breaking strength

Table 13, 14, 15 4P S T8 4FY F7HA9 Hgxd 5 P32
(260°C, 270C, 280C)e} Ztzte] 2 FEAUGE, 74,1008 39 371:F
FE 11, 12, 1:3, 221, 319 wjPul2 EFE MY TE ol &3 FZe A
of Wl A =g WA TS Wamer-Bratzler shéar data2 3-8 Ao kgL
JeR T A Taole BEesy RERANA IEZ F9HA ot
ALTHP <0.001). Table 133} ko] 260°C | A breaking strengthE ZAF AR E

H
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A EE. uigHE T FFAMEEC] o S ATFe 79 HIH &
H 2L AR REXNY TN YAZ EL breaking strengthS el o,
olF Ayl i FTHUA AHFH(II:SFFAE=11, 3g 5%, 10%)9
¢ 2 FANE B &£ A}H. 20T HxAAH AzE AF9
breaking strength& Ar¥] B H Table 149} o] 7] & FFAE=1:1 (3L 725
AT AT wigule ILAAPE=11Gg)oln FEALLE T2 A
T, 2713 AAR=3:13g)2] WMiF¥Z 1025¢ T A7/ A =9, o
© 4o F4E FHE ZIAx o, ¢ASA HFE Aoz Hridd.
Table 158 4TET 280TH}2 A FF 7S5 gu=1:1 3gi A 5&,
729 AYFEH I AAARE=21, 3g& T2F¢ FL HAFH AZ E F
AE Bom tAz 280CE 257t £222 FEAIte] &4 F breaking
strengthd] FA & T}, $HH Age] AFE S £I& BJd. AAHo2
=9} breaking strength=X & uvlgto g AwEd ZAE 1:19 gz 28
0CAlA 525 3 AT 2 Wige2 270ToA X 725 F€ A
T7F AL F 2g, 3gAlA BT 53 Aoz EMHUL, e A 1
2 280ColM 52 ¢ F€ Mg77t /b3 S8 o2 dgdd.
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Table 10. The bulk density of popping products in 260 ‘C( unit :

g/ew ).

( mean : grain )

 ftime|l 1:1 | 1:1 f1:2 |1:2|1:3}1:3|2:1{2:1 | 3:1 {3:1,
Bl lsec)] @) | G | @@ | G| e | G | @ | 6o | @ | G
{018 (025 (016 (040 (019 (019 {015 [024 {017 0.39
5 |£003 |+0007 [£0.00' |+001° |+003 |00 [+003 |+003% [*oor [*001°
.|018 029 (019 |[046 [019 |028 |o018 | o027 027 0.25
com | T 1so01 |+£003 |+001™ |+006° |£0.03%| 002 | 002 |2000% |+002 |+0.04%
jov| 021 | 026+ 1 016 |023%|019%(030 |035 |027 |02% |02z
0.03"™ 10,06 [+0.011™ [0.079% (003%™ |£0.01% [+£0.03™ |+0.00* |0.019% |g.gptet
1016 |o23 _ _ B _ 1017 039 o018 0.31
-5 |+o01' |+0.03% +001' |x008" [*002 |=0.01
wato| 7| 015|023 _ _ _ _ 016 {036 |017 0.36
Po 002" |{+002% 000" {£0.04% [2001" |+0.02%
10| 016 | 027 _ _ _ _ |o8% o025+ 019 | 036
+0.00" |+0.01°% 002%™ [0.03 | +0,02™® | £0.01%*
.|028 |02 o018 (033 [018 [029 029 |032 |03l 0.36
5 |£000™ [£0.00°® | £002' |+0.02%|+00r |+0.04% |+005%* | 004|004 |+004®
e | 771027 034 017 |02 |018 |024 |02 (o040 |026 042
0017 |+004° |+001" [+0.02° |+0.00%|+0.02¢ |20067 |+0.01* |+0027 |+004®
10| 026+ 032 [022% 1029 |02+|021 (030 [038 |030 0.40
005 [+000™ (0.02°% |1+0.04%]0.00%%™] +0.02™ [£0.01% |[+002® [+0.00* |+002°
. P €0.001

*“Means+SD in the same row within different superscripts differ significantly.

com : com starch, potato : potato starch, rice : rice flour.



Table 11. The bulk density of popping products in 270 C( unit : g/cr ).

( meat : grain, g )
raintimel:l 1:111:2)] 1:2{1:3]1:3] 2:1 2:1(3:113:1
& (sec)| (2g) (3g) (2g) (3g) (2g) | 3g) (2g) (3g) (2g) 3)
| 025+ | 0306 [ 016 | 022+ |025¢ |07+ |02t |0zt |02+ |o02et
0.01%% | 0,007 (0,025 | 003%™ |003=% | 003" | 0.01®F | po1%es | sk o ozte
0| 025 |0201% |0z | 028+ |05t | 034 | 023+ | 026+ | 020+ | 026%
com 002 | 000 | 001%™ | 009% | 0.01¥ | 003 | 001%™ | 0.00"® | 0.02%* | 001
.| 024 | 0328t | 016% |o0l4t |017% |022% | 025t |02 |o037t | 028t
. 107 ooz | 000™ | 001* |oo0c* | o000* |00 | 001 |00 |oor® | 002
5| 013% |03+ | 014% |020: |019% [018t | 015t |o045t |o2% | o35t
000* | 006 | 001* | 004%% | 004 | 000" | 002* | 006® |0.02®%| 004
wato| 7o+ | 015% | 0342 | 017+ [028% [019% | 036+ |o021% |03 | 018|020+
po 0o0l' |00 | 003" |o0® | oo™ |o0o04 | 003%™ |00 |oo™ |oo®™
.| 0155 [0287% ) 024% [020t [020% | 025t | 018+ | o040t | 036+ | 035%
107 000t | oo™ [o000* |o00™ |o002™ | oo™ |o003® |[oo0r* |om® |o1s*™
5 [ 019t |04t | 018% |03 |015% |050% | 030+ |[o025t |o031t |03t
004 | 022 | 0.01™ | 008 | 0.01* | 003" | 0.05°% | 0.00™ | 001°] 003"
) 7o | 021% | 0302 | 023 | o031+ 031|041t | o038t | o037t
Tice 003" | 0-03" | 002%™ | 0017 - - | oor= |oo0r 002® | 002®
.| 033t | 0309% | 029 | 0202 03t o041t |029% | 042%
107 05 | 003"* | o02t* | 002 - - oo™ |oor |o000™]| o0

P €0.001

*"Means+SD in the same row within different superscripts differ significantly.

corn : com starch, potato : potato starch, rice : rice flour.




Table 12. The bulk density of popping products in 280 ‘C( unit : g/cr ).

( mean : grain, g )

starch timei 1:1 1:1§1:2]1:2(1:3]1:3|2:1 2:1 3:1[3:1
(sec)| (2g) (3g) | 2g) | GBg) 2g) | Gg) | (2g) (3g) 2g) | 3
5 |019f |03t |ozx ozt |025% | 037% | 020% | 031 018% | 021
0,022 | 0037 | 0,02% [0.035* [0.03%%% | 0.03™ [0.01%%* [0.02*® 10.00@ 0.0z
oo | 0182 lo2E | 0l5E | 060x 025+ | 034t | 020% | 020 023t | 0182
com 0027 | goz* | 0000 | 007 | 001 | 003 [0.02% Jooz®  [005"* [0.01%
| 020 | 026+ |o024% | 030% | 017% | 022% | 028+ | 033 016% | 0.27¢
107§ goze | oo | 0o0d* | 000t | 0.002*% | 0.008% 001" |0.01%  [002® | 0.03%
5 | 014% | 031t | 016+ | 026+ | 019% | 018E | 0.15% | 036 017% | 036
001* 0.03%* | 001" | 0.00%%* | 0.04* |0.004"™ | 0.01% j0.05™ 001 | 007
wato | 7o | 014 | 030% 017+ | 023% | 019% | 036% | 015% | 0.30% 020% | 037%
po ooa® | 007 | 002 | 001 | 0.01™ | 004> | 0.02"* |00g® 002¢ | 010"
.| 019t |o0z7x |017t | 017% |020% | 025% | 0.22% | 033+ 024% | 040
107 | go2 | o003® | o0o1* | oo™ | ooz 005 | 0.1 003" 000 | 002
5 | 016% | 031% |05% | 022% |015% | 049% | 024% | 036 | 030% | 0.33%
0035 | 0.06" | 001" { 004 | 0.01' 002" | 0.01™ jo.o4™@ 1o017* | 0,017
. o+ | 02E 0262 | 018% | 0242 030t | 0.38% 03t | 037¢
nce 002 | pog™ | 002 | 002 | - - | 001%™ 003 000® | 002®
.| 028 | o033t |o22t]o027t 033 | 0.37% 040t | 037¢
107 | g1 | oo2** | 002 | 002 | - - | oor* [o0z 001 | 004"
. P <0.001

**Means+SD in the same row within different superscripts differ significantly.

corn

corn starch, potato :

potato starch, rice :

rice flour.

286




Table 13. The breaking strength of popping products in 260 T( -unit : kg ).

( meat : grain, g )

starchﬁme 1:1 1:1 f1:2)1:2 | 1:3}1:3[]2:1]2:1|3:1}3:1
' (sec)| (2g) (3g) (2g) (3g) (2g) (3g) (2g) (3g) (2g) 3
5 [20833+  |26000% [211.00% [33667% 17067 [36833% |16233% (22033 [13167% |186.332
2466 160.31™* |3051°* |35.10" 4596 |9819" [2892%F |3853*% |17.62% |06 307
o+ [19167% 24567 [261.00% 128000+  [13067% (347.00% |19033% |3233+ |7L67% (176.00%
com 3058%%  |3430™* j4071™ |9836™  {28.01%% |[15026* [27.93*% |s1.08® | 3002 [se7te
.|22400% (36167% 123033+ |2300+ 16700+ (23867 |14567% [31800+ |10967% [255.33%
107 |67.188™* |10651" |57.88™* |10857*% [6367*%% (9047* |31 (5484 |3075F |54.10™°
5 [20433% 16267 _ B _ _ |u7ast |om3st 5233 |287.00%
94> 5519 18448 11769 | 18500 46207
ol 7 [ZE1E (244672 R _ _ _ |oer 17000+ 8267  |24067%
pota 35190 1124 +9600% {300 |tosg’ [203%
|userr 17367 B B . _ |s000 16900 (8667 191001
107 |1.15* 23.54% +12529 |656%% |+503% [a.74%
5 |13233+ 120100+ [16400% 30033+ |16867% [10667+ [120.00% [20167% |85.00+ [18467%
814 |5538%h (2651|1332 (18820 |1250™ (24528 |40.27%%> (1646M Jo.58H
. g+ (13800 2233 1603+ 120733 11667+ | 2B0L 1267+ |IH.BE 16633 |18267+
nice 085@0  l4860™ (5150700 (9246  |15.04%0 32057 [929%F  |4367*% |41.86" |08
L[13867+  |2aa67t 11200 (21238+ [15433% [12833% [10400% [17033% 6167t [13467%
107 |1 534t 2801°% | £1323" [33.13%% [321%% (37587 |6.00* 3842 (907 20,400

*: P <0.001

*"Means = SD in the same row within different superscripts differ significantly.

corn : corn starch, potato : potato starch, rice : rice flour.
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Table 14. The breaking strength of popping products in-270 ‘C( unit :

kg).

( meat : grain. g )

time| 1:1 1:1 1:2 1:2 1:3 1:3 2:1 2:1 [3:1413:1
(sec)| (2g) (3g) (2g) (3g) 2g) (3g) (2g) (3g) (2g) (3)
5™ |1390 |2@E7+ (15633% {10000 |17067% 2626 [1233+ 110500+ (21800 |17267%
RBIZH (11208 70817 {17608 | 10077 (3754 (136670 {46515 7358|2750
o= |1067E 3B3E 16267 |14300% 20200 203+ [21600% 20200t [2BO0 |BA6TE
com 2108% 10874 [663%  |1212®  [£2000% [181%* |86"* |37 s |m1%
.|lB67% 7531+ 8533+ |51+ (7300 B |90+  [42633 8100 [1233+
10714809  [426  [9006Y |6667 2™ |o29®  [7a1 026" |656™  |4219°
5 (1043 (2200% (2200% [26033t [26200 28} (AW |2200: 10200+ |10967+
1242 [3477%* |3604™* |@97™ |+100® [153** [1620" 121455 |52 |19.8%
tato| 7 [1B3 [3B6TE (10133 [2ABETE 18200 BBt P67+ (30733t (30400t |304.00%
po 22% BB (0 1074 |£200% 12362 |00 13252%  [%B51"* (365
.|12100% [3600+ 13000+ |20W+25]|253 WGETE 7700+ [31467 6400 |BA00E
107 (s, 3032 ([wmes* |8 457  [1%.14" [265™ ¥z 1300 [m08®
5™ |207.33t |17200% (9800t (400t 1250t  (20433+ |137.00% 24333t |77t (21433
5658 (608 (400  |058™*® 2667 813|557 |26 l4od BB
. o |80 (1767 1AW 218 5667t 1433 183t |19267¢
nce 7000 |6e™®  |2318%  |x100™% - - ur 643%  [5463*% |2057*
oo 15t |me7r (2083 1003+ [12000t [43:t (8600
10" 200¢ 416 2053 | +181 - - 1408 20 (16  |+200™
. P <0.001

*“Means £ SD in the same

corn : corn starch, potato :

row within different superscripts differ significantly.

potato starch, rice : rice flour.




Table 15. The breaking starch of popping products in 280 CT( unit : kg ).

( meat : grain, g)

Cftmef 1:1 [1:1f1:2 ) 1:2 1:3 |1:3| 2:1 [ 2:11/13:11]3:1
8 lcer)| o) | G0 | o | Go | o [Go | e | G | e | ®
. [1533% [308+ 26667+ (3138 (17067 [ZR67+3(211B+ 24800+ (1346711 |03+
57 l6121%% |1708 80867 110657 10077 |754% | 157 55ttt |gjqis |30ttt

L 1B6E 361+ 16BE (28133 (20200 (25933211067 {B600+  |166.00+1 12674

corn | 7 6643 9696 (6198 |600% (2000 |801%* 1286  |mar™ |12t [migtes
1073t |2410% |25767+ |30t (7300t  [RB: |merr  |2mmt |mat (20t

10" [3126* |721° 496° |27 1.27% 929®  |1550* s181¢  [1514 1600

g~ [15067+ (2B06% |IT000% 24667+ 22k 283+ 1068+ |21+ {7700+ [17W67%

1306%  13630™* |®m57™* [12356™ |1.00® 153%* 1408 72%* (e |so7®

.. [14067% 128633321500 15867 182t ABBL (BB (3567t |46t [2R67+

potato| 7 |11012% [956® {+5434™ |+3650% |200%% 18627 |06 | |2715™ (s
1867 |20633+1(15000 20733 25+ VBE7TE1[WIBE  |28L00E |00t |00t

10™ {1206 [596° |£3706° [tu741® |us2® (@4 Jaof~ |e0™  (1808™ [10*

5" |15838% 1660+ 146671 24033+ [12500+ 28100t [11933+ 20700 [11867+2[166.00+
50,720 [1.73765 | 4g64M 266 11031* [1474% |24 [194 1212

. 7o |143BE |17667+6(10567+  (26200+ 11067+ {28033+ [5400% [15433+
rice 106" |66 [920% 207 - - 2o 20% (458 [2ee™
. |23 [1466724[9100¢ |Ba67% 700+ 16738t [%6B+ |107.8¢

107 |s034* |798* {s00™ 11044 - - |oace* s12* 152 R

" P €0.001

*“Means=SD in the same row within different superscripts differ significantly.

corn : corn starch, potato : potato starch, rice : rice flour.
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3) AEZA

Table 16 ~ 24 W3R ulg} vjFH|EE A ZH sampled AW31A
(Hunter tristimulus colorimeter, D25-A2)& A}43te] L" a' b'gtg &4, Alad
2 23% Aot & AYPdHe HAE(LHFYE@R), FAED)Y £2o
2 Alz¢g sampled] FHF AT E 137 Y8 o] &=t} Table 16~240]
A BE usbgo) Z HATEY L a byt £F2L AMHeZ 17 Hw)
20 ES4E FAEG)H 3, 7HAA] BojFd BAME EA Yy
o AFos HAFH M9 W WAE(LY} odA FYE@)YG FAE
) di B $£F02 1 £ YAZ BAYE( LHE 60.00~ 650093
olx, HME@R):e 4.5~7.0011, FAED)E 14.00~17.500]t} o] 529 W9
Yol lE HAFRE R7:FAAE= 119 AR 2g8 270CHA 72 79
BAZ) ATt 280CAN 52T TH BN nr@AAE=11, AUF
o] 29 YT WL FSAR=11 vgul e 4 o] 2g2 Mz T} 3g
d AYFEo|tt 17l ArFE MiFH AR A gE NS w Py
EC)Y w3, AYEQE)E B £2¢ YA 2E AFgdes 2=
2 FAHQA 2ol7k UATHP €0.001)
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Table 16. CIE L' a b values of popping products mixtures of meat and
potato starch in 260 .

ﬁmtreat 11| 101 Jr:2)t:2f1:3lii3 ) 2:1 |21 | 3:1 |31
(sec) (29) (3g) (2g) | B | g | Gg (22 (3g) (2g) 3)
5L~ [6364% [6208% | - - - - le271t  |5826% |[5972¢ 031
115 jo77 054  [o.77* [0.470™¢ 0,017
. [336% [365% - - - - [|soix |653: 620+ [5825%
& losg* ol 063 |020°%E" |0.12%% [og3ehi
b 1805 1844 - - - - [1944% 2036t [2070% [538%
029 |167° 0.60° 0.23° 027 0.25°
7L~ [6362% [6273% - - - - |s854% |5973% |ss18t 5693+
184" (231%™ 435%%8 050! |336%hik ] gyl
. (412 405t - - - - 606t 664 592 |596%
2 lor2"  |oze : 021¢ 037  |039®  Jo2e®
b |1866% 1865 - - - - |2005% [2043% [1937% {1920+
008" |0.96°* 067  [0.00™ 138 [004**
oL 6491 |6L68E - - - - [5743% [59.10% |[57.24% |57.5%
113° |2.10%* 1.04% 2637  |0.14%  [0.09%
. |793% |64t - - - - .t 639t 917+ [9.15%
8 logs™ lo49™ 106 [12*  |oa7*  |ora*
. 2137t 2051 - - - - 2096t |1956% [2287+ [22.39%
€ loz0™ |oea* 120|202 |oos*  |o26®
P (0.001

*"Means+SD in the same row within different superscripts differ significantly.

corn : corn starch, potato : potato starch, rice : rice flour.
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Table 17. CIE L™ a” b values of popping products mixtures of meat and com
starch in 260 TC.

1:1 1:1 1:2 1:2 1:3 1:3 2:1 2:1]3:1 3:1

sec) 2g) (3g) (2g) (3g) (2g) (K1) (2g) (3g) (2g) (3)

6379+ 6231+ |59.36% |6195% [50.83+ [5097% (5284+ |5213% {5627t [54.26%
5L [o76" o9 [o78® 1127 (207 (1760 |0497T  [0.24%9 (489! {0750
429+ {025+ [134* |06l [094+ o085t 679t  [747% [517% |597%
003" [0.10° 030¢ [oo9 085  |0.74' 0.34°h 950> |1 5899 0,480
b [1858% [1254% |1410% (1382% |[I1178% [1161% (1943% [2029% {17.79% (19.09%
075°  |0.06° 038 |oe60® 213"  |1.89° 7 d 053" 074 |o53°

. |6341% |5827 |e427+ |6156% [619% 6245+ [5B15% |S6.76 (5510 (5614
TL” 229%™ l005°%% [192° [0.78%%* [410™ [054™ |0.90°¢® 1539 [p31°* 230"
. |a17x |3s0+ |87+ |12+ [099% [070% |809t  [529t [873+ [4.08%
015" [0.32" 075" los8! 037 0.8 0.69* 069° [048™* (165"
b [1923+ {1713+ [1538+ [1552+ {1257+ (1230 *{2192% [829% |2158% |1666%
036" {077 [154" [147% 095  [0.24 0.68° 0.15%% |0.10® |2.65%"

6238+ l64.15+ [6211% [62.10% [6862+ |6808+ [5991+ [57.69+ [53.81+ |5268%
1L [124% looe™ 073" |oe4™ [113* 041  [o54%  |023% [148® |o2r

. {762% [701t l349% [265%t [420¢ (407 |779t  [571% |10.74% [|9.04%
000" 126" jo75' 117 083 |os7 081 037" 065"  [1.10*
o [2147£ 2265 [1585% [1604% {1751% 1717+ [2190%  [1893% (2213t [20.88+
065 217 {167 |157 049" (070"  |os1™™ {012 |0.03™ |1.00%

™ P €0.001
*““"Means +SD in the same row within different superscripts differ significantly.

corn : corn starch, potato : potato starch, rice : rice flour.
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Table 18. CIE L™ a” b values of popping products mixtures of meat and rice
flour in 260 C.

Featl v | 1:1 |a:2| 2 | 1:3{1:3 | 2:1 [2:1|3:1)3:1

(sec) (2g) (3g) 2g) (3g) (2g) (3g) (2g) (3g) | 2g) @)

53200+ |5546% [3019% |57.31% |52.83% [4896% [58.97* |51.87% [45.02% [48.48%2
5 L7 Jogpeste o470 |3n04h 136|013 (398 [r.0o™* [o.11%% |255° |00
. |873t [g84* 1359+ |791+ |760% (841 (323t |766% (879t |7.35%
a loos™ oot 665" 10.30°% 1017 [0.19 |013*  |1.65™* [0.35> [0.18"*%
b [17.21% 1828+ |7762% [1671% |1450% [1566% |1635% |1825% (1693% [17.85%
095 0.20° 8398° |0.05" 061" [032° |066° 008 (111® |06

5383+ 097 5563+ (4665t (4734t [51.97% [50.15+ (4921t [50.67+ |50.94+
TL" [pgaehik [L68™™ lgooeteh |gogr |1 45m™  |1.9gMKm [ 3ghm o jgim |5 50K | gikien

. 866 [|929% 798 [894% [833% [800% [1009t [950+ (871 [912%
032* |p27™ +002° 020™* [0.18% {034° 019" 0.06®  [0.85™* |1.15"%
b |1674% |jg14+ [1606% [1572% [1490% [1539+ |19.32+ |1781% [18.03% [19.23%
031"  |goge 020" 088"  |042'  |067F (0187 001" |081° J0.a4™

5496+ [5404% [48.46%* 4670 [47.49% [46.13% [49.37% [49.15% [48.04% |46.07%
100" |pgo*  [063" 2598 |322°  [0.02" [3aF  [ooZ 062 |196° |11V
oo [937% |oaax o ol 931k 1973 1036E 1064% 1041% 1070+

040 {009  [os6™ {0467 Jo.0o1™ (127 Jo4s™ o15® |0.15™* |027®
o (1814 1710+ [1622% |1606% |1575% |16.18% |1829% (1856t (1890% [1837+
08  |0.16% 0.76® [0.72" 001" |058" |0.03%  0.26% [0.20%% [0.10%

*: P <0.001
*"Means +SD in the same row within different superscripts differ significantly.

comn : corn starch, potato : potato starch, rice : rice flour.
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Table 19. CIE L a b values of popping products mixtures of meat and
potato starch in 270 C.

ﬁmtre(atlrl tit |12 121313 2:0 213131
o Sl | Go | @ | G | @ |G| e | G | e | ®

. |603% [5981% |6483% |64.80% 6502+ |60.56% |6167% [6265% |6208% |6153%
SLY oo™ 1206™ 1177 [063° [1.35° (3.3 127|491 [1.00" |0.61%
. l650+ 612+ (3.38+ |[355% [163* [1.86% [198+ (179t [448% [4.39%
180 |07¢  |0.21"M 044" [0.49™ 019%™ [1.11™™ [044% Jo.16¥ 016
b [2124% [2138% [17.99% {17.70% [1476% {1394 [1384% [1484% [1820% [17.02%
115%  |0.73°  |o.38*  jos2*  losr*  {127* (393  |214%  |049% |03

. 6035+ [5952% 16239+ [4632% |6241% (64.21% |64.12+ 16519% [60.67% [60.49%
TL” |341% 2437 [057® [645® 049" [240™ [169% (1197 o075 Jo78*

. [815% |811% 859+ [11.28+ |507+ [395% (434t [293t [871% [7.04%
034 |025™ 033 |0617 [071% |o76™ |oes'  [0750  [1.07°  [0.45™
b [2207% [2146% (21.34% [1754% 1759 |1809% [1689% (16.22% (2143 [212%
101 1039 067 110" [048* {181%M |047¥ 2205 [o47* jo.71®

. [6035% 5052+ 6239t (46.32% (6241% [6421% [64.12% [66.19% 6067+ |60.49%
I0L" {341 (243 [057° [645% [0.49® (240" [1.69® [1.19ab |075™ [0.78%*

. (815 811+ |859  [11.28% |509% |395% }434+ [293+ |871% [7.94%
034" (025" [+0.33% (061 (071" |o0.76™ Joes™ 0755 [1.07%  |o.45®
o 2207 [2146% 2134 {1754 [1759% 1800+ |1689+% 11622% |2143% (21.26%
101° 039 [£067™ (1107|048 |1.81%% [047% 2207 |047® o1

;P €0.001
*"Means+SD in the same row within different superscripts differ significantly.

corn ; corn starch, potato : potato starch, rice : rice flour.
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Table. 20. CIE L' a b" values of popping
starch in 270 TC.

products mixtures of meat

and comn

Nreat oy | a1 r1 | v ] el 12 {3 3|21 2
Z‘;“ NEREEY (2¢) G | (2 Gy | (2 Gg | o | G
. |6038% |59.89% 6303+ |59.06% (61.34% [5266% |(6461% (5978 |6225% 5950+
5L |216™ jro5™  [255™  [396¢ (397 [543 244 |281%  1.26™ [0.70°*
oo [PBE (4B lsT2x 1353 349% 23 |13p: 089 309+ 385+
037" l0.49®  j0.66° 057% {1739 [010™ |050™ Jo.26™ (020 |0.97®

b [1539% (17.83% |2094% \1774% (1660% (1343t [1427% [1154% |17.85% [17.38%
o1k logr%  fo77™  jo.a0*  [1L71%W  jo.49* 069" 035" [0.32° 122%™

. [p816 [5816% [6046% [6060% [5977+ [5086% [6901% |60.01* [58.26% |5885%
TL” {+208° J179° 106 {177t |1.06%  j202°  |1.00° 278% 399 0.7
. {453t |464% [|525t [578+ (588t [197x [250% (178 [411% [484%

2 logs ot jos' 214 |14 |L10®  o4o¥ 063 |075fg [045%
p 1756 |17.77%  |1663% |1976% |1952% |1480% |1572% |1396% |17.63% |17.73%
155%% |053%% |2gq (1geted o73td 267 082%™  [063"  [1.86™% |0.80*%

. |3656% 15038+ [5860+ |4376% [6225% (6821 [6212% [6191% (53.87+ (4850t
0L g70" |7.02* 383" {1113° [|1.94*® [053 269"  |210® |661 [3.79*
. 1130+ [9.43% |1086+ (1048 |58+ [215% [47m1% |472% [1031% |1401%

8 oo™ [1La1%%  [oge™ |221™* [283"  |0.30 13¢" 148 |103* [os0°
o 1555|2085+ (2200 [17.20% [1784% [1462% [1608% (17.29% (21.97% [21.34%
384" |165™ [0.79° 35290 |2.90%%®  [068" 0589 (176 |209a [1.42°

" P <0.001

*®"Means+SD in the same row within different superscripts differ ‘significantly.

corn : corn starch, potato : potato starch, rice : rice flour.
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Table 21. CIE L" a b values of popping products mixtures of meat and rice
flour in 270 C.

treat | 31 31 11 11 1 2 1:2 113 1:3 201 2:1
time(sdg) [ (2g) (3g) ( 2g) (3g) ( 2g) (3g) (2g (3g) (2g) | Ge)

5 L* [5300+ |5066t {5297+ |[52.88% (5516 |5145% (4478 [4280% |50.65% |57.56=%
131" 164 0285 033 0587  [1.24° 326° |047* 078" |155™
. |766% [874% (924 [831% [829% [877% |92+ [904% 998+ [417%
a Joazr  oas™ [oz20® Joeo™  [o3g™  |o23®  o24® [0.08® lo34® {0.15®
1932+ [1900% [1819% [17.12% |1643% [1677% |[1516% [1498% [19.06+ {17.96%
b™ loso™ |o=* 0235*"  |o56™% [0.33%% |o.03™Y 021" 018%™ [0.43% |0.59*!

7 L** {4635+ |4909+ |4581+ [4515% |53.35% [52.09% _ _ |s2.23% |4743%
2368|017 3™ 370 0.58' 243% 050% 019"
. [974% [1016% (980 [936% [9.10t [883% ~ _ |8o8x |92
2 lose" 040|034 038  [039° lo35° 041" losr
1779+ |1890% (18772 [1632% (1639 |1654% 1871+ |18.08+
b |1.25°%% 1026°% |031>% [132%% [0.33%  |p.29%®" - T 0.13%%! |0.947%%
10L™ |4543% (43.75% |4640% |5056% [50.89% [5087% - _ |4997% |4882%
121°  |479°  [227*  |o85*  |0.96*™  |0.96™ 063* |0.85*
o |1236% |1147% (1075 [1042% [969% 1008+ B _|1106% {1157+
2 lo3g® 150 019" |0.01%* [0.30%% 042 145> j0.42
1909+ [1661% 1715+ [1840% 1693+ [1690% 1873+ 1926+
¢ (020 |o.47%" 075"  [0.40°*% |0.60%" |0.76°% - T |o.2%o! 0,082
™. P €0.001

*“Means+SD in the same row within different superscripts differ significantty.

comn : corn starch, potato : potato starch, rice : rice flour
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Table 22. CIE L' a b values of popping products mixtures of meat and
potato starch in 280 C.

tf 3:1 3L 1:1 1: 1 1: 2 1: 2 1 :311: 312:112:1
time(Seg) 2g 3g 2g 3g 2g 3g 2g 3g 2g 3g

5L |e032+ [5081+ |6483t [6480% [6502+ 6056+ (019t |6265+ |6208% |61.53+
1.99% |2.06* [1.77° 0.63° 135° 335% 10,04 491%™ |[1.00% (0.61%
- 1650 612+ 338+ 1355+ |163* |18 6167+ |1.79+ |448% [439+
a ligo*  o70*  jo2t™ 044%™  |0.00 019%™  {1.27%" |0.4™ |0.16® [0.167
2124+ [21.38% [1780% [17.70% [1476% [1394%+ [199% 1484+ [1820% [17.02%
b 118" 073" (038 fos2™  |osr* 127 L11* |214%  [049™ |53

7L |eroot |6088% [6628+ 6577+ |6295+ [63s4+ |64.05% |60.99+ [61.68¢ |60.90+
092% |144* |015® 065™ 201 Jos1®™  |179° 0617 [0.12°* |048™*
. 695+ |674% [543 [521% |319+  [197¢ [170% 123+ [7.33+ |71
2 logg™ Jog3™ |osa*®  |os4®  [ogs'e 030"  |oa0® (038 |08 061

. |2150% |2073% (2019% 1971 116.42% (1576 [1423% |1259% |21.65% [21.72%
b (139|146 028 044> 115 jo40™ Jou7™ 038 [oss® [o5T

10L™ (60353+ |5952% [6239+ |4632+ [6241% |6421% |6412+ |66.19% |60.67+ |60.49+
341% (243>  jos7T® 6.45*  [049® 240" [169® |119® [0.75" [0.78"*
« [8150% |811% [859+  |11.28+ [509%+  [|395% [434x [293% [874% |794%
a lox® 025 [033%  |oe1™ |o71 0.76° 065" (075" [1.07"% |045®
220731 |21.46% [21.34%  [1754% |1759% 1809t [1689% |16.22+ |21.43% |21.26%
¢ [rorr 1039 067" (110" 048" |181%% 047 220" 047 [071™*

. P €0.001
*"Means£SD in the same row within different superscripts differ significantly.

corn : corn starch, potato : potato starch, rice : rice flour.
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Table 23. CIE L” a b values of popping products mixtures of meat and
corn starch in 280 TC.

t{3:1 3:1 1:1 1:1 1: 1: 2 1:3 1:312:1]2: 1
time(seg) | 2g 3g 2g 3g 2g 3g 2g 3g 2g 3g
5L |p038+ |5080+ (6303 [50.06% [61.34+ |5266% l6461t [5978+ [5950+ [62.25%

2160 l108> (255  [3967* (397 [543 |24 [281°¢ {1.37% |1.26™

. [283% [423+ [572+ [353% (349t [232% (132 (089t [385% [309%

a ozt |o49® jo.66° 057% (173%™ |o10™ Joso™ [026™ [097 l0.20®¢

1539+ |17.83% 2094t [17.74% [1660% [1343% {1427+ [1154% [17.38%+ [1785*

b [ror™ oga*  lo.77 0.10% 1717 lo49*  jo69¢ 0350  |1.22%% [0.32%*f
7 L |s816+ [s816+ |60.46% |6060% (5077+ 5986t |69.01% |60.06% [58.85% [5826%
208 {179 |1.06™ [177* [106* |202* [100° |278¢ o72°  [399°

. |453% |463% |525% [578% |588+ [197+ [250% |1.78% [484% |4l1t
a Joes” o7 {082 |214% {1047  {LIOY 040" 065  [045% |0.75"
1756 |17.77% 1663+ (1976 1952+ [1480% 1572+ [1396% [17.73% [1768%

b (1559 {053 [294°%" 188|073 |267" j082™ 063"  [0.80%*F |1.86™¢
10L™ |3656+ |50.38+ |5869+- {4376+ 6225+ [e821% |6212% |6191% |4850% [5387+

8700 |7.02* 383 1113 [194® |053*  [269%® [210® [379* |661™

. [1130% [943+ [1086% [1048% [586+ [214% |471% [472% [1400% |1031%

2 oo™ |141%% |oss™® [221%* |2.83" 030 139" |48 |os0®  [1.03*
1555+ {2055+ (2200% {17.29% [1784% {1461t (1608 (17.20% 2134+ [2197+
o |38 |1es™ 079t 352 1290 loes" 058" (1767 {142° [2.09°
. P €0.001

*"Means+SD in the same row within different supersoripts differ significantly.

corn

corn starch, potato :

potato starch, rice :

1298

rice flour.



Table 24. CIE L a  b" values of popping products mixtures of meat and rice
flour in 260 C.

geat |3 1) 3:1( 1:1{1:1|1: 2] t:2] 1:3]1:3 j2:1]2:1
time(Seg) | 2g 3g 2 3g 2 3 % 3g 28 3g

5 L™ |s300+ [5066+ |5297+ 5288+ |s6.16% |51.42+ |4478% [4280% |5065% 5756+
131 j1e4" {029 033" |oss  |r24'  [326° 047 078" |155*
« 766+ 874t |024% [831% |[820+ (877 [922% . |94t {998+ [417t
a loax  o1s 0.2  Joeo™ |039° |03 o24®  |0.08® [034° Jo.As®
1932+ [1907% |1819% [17.12% [1643% (1677+ |1516% |1498% [19.06%+ (17.96%
b {050 000 024 056 |033¥9 003® 021" oa8™ o4z [050™

7 L™ l4635+ |4909+ |4581% |4515t |5335+ |s200% | - - 223t 4743
236" {017 [3n® 370t 120" [2.43% 050% [o.a9™
« (974t 1016 |980% [936= |00 ([883% - -  [898t |982t
2 los4  o40° [034* [038° [020* [0.35° 041* |os1®
1779+ (1890% (1877t |1632% |1639% [1654% - - |1871% |1808%
b (12579 026" (031|132 [0.40® Jo.20"" 0.13* 0.94%
10L" {4543+ |4375+ |46.40% |1042+ |5089+ |so87+ | - - 997 |ags2t
121°  [|479°  [227™  |o01* o96* |0.96™ 063* [0.85™
« |1236% [1147% |1074% [1840%t [969t [10.08% - - |noex |11s7%
a Jo3g® 150" 019" [0.40™* [0.30°*% [0.427 146™  |0.42"
1909+ |1661% [17.15% |14534+ 1693+ |16.90% - - 1873+ [19.26%
¢ [020°% 047" 075 (4167 (060" (0.76" 0.29™* 10.08>*
. P €0.001

"“Means 5D in the same row within different superscripts differ significantly.

corn : corn starch, potato : potato starch, rice : rice flour.
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uh g EREA

A9 dE&E AAE VIELR MY £ divd HuvlEsSsHES
12 wigste g% N T HAHMEErg QAL RA S Folrr)y
3 NEFUEAYE 8 Aundt HEFREANS 5o Pgexe B
At wE B3ty 29(SFFAL) Hurl9 LIZ uFgE AgEE AR
® 2] bulk density, breaking strength 2 L', a’, b valued] "]xE& FaL
BA 39 on Table 25914 ¥ & uhe} o}

Table 26014 R upe} o] BAMEA Ad F&HAso] dig A¥Y(lineand
5He breaking strengthe} a’ valued] A% 5%FEoAM Aol e Rz Y
ehton 1 9 buk density9} L', a valuedl & 5%5ZA §40) =
RoZ Vel n, 23H(quadratic) & #& bulk density9} a  value(® <0.05)& A3}
I 25 fo4ie] gl Aoz Jehdrh E3 3 (cross products)d 7)ol A
£ 2T %FEdA Fo40 gt Ao dunm, AuASERIE 09230,
0.9534, 0.7129, 0.9463, 091220 2 %A YE}yt}.

Table 279} 3ARAM o)A HE upgt o] W32 =7} bulk density, breaking
strength R 2’ valued] JFL UlE Roz JebtEdl buk densitys) A
W3} &% 12 &3}, breaking strength®] Z$E B L= 1x, 23 &3, a
value?] 9 12}, 23t &% BT S%FEAA f40 e Aoz Ygytth
A o2 SYASF F Y32 x/t FHUF) dis 2FAHQY JgE e
U, BAE A9 4¥FE vXA ' Aoz JeEyd.
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Table 25. Effects of popping temperature and popping time on popped snack”

Independent variables Dependant variables
Run popping popping bulk Breaking

time  temperature  density strength  L° a° b

(sec) () (g/cu) (kg)
1 5 260 0.18 20833 6379 429 1858
2 7 260 0.18 19167 6341 417 1923
3 10 260 0.21 22400 6238 762 2147
4 5 270 0.25 139.00 6038 283 15.39
5 7 270 0.22 14067 58.16 453 1756
6 10 270 0.24 10367 3656 11.30 1555
7 5 280 0.19 153.3 60.38 283 15.39 )
8 -7 280 0.18 1336 5816 453 1756
9 10 280 0.20 107.3 36.56 11.30 1555

Popping snack was made from mixture of spent fowl meat and corn starch(l:1)
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Table 26. Analysis of variance for the five response variables” to the second-order

model to estimate the effects popping time and popping temperature on popped

snack?
. Breaking
Bulk dens * ¥ b
Regres ) ity strength L a
-sion Prob Proc Proc Proc Proc
4)
SS >F SS >F SS >F SS >F SS >F

Linear 2 00004 03521 94952380 00175 38122 05871 340495 0.0340 532035 0.0668

Q“;:m 2 00043 0050 FREX0 00657 16848 0242 344061 00834 40860 00776

Cross

product

Total

Regres 5 00049 00676 14083 00827 22085 0346 7028% 0042 945667 00814
)

1 00001 04315 10646181 01213 15419 05240 17430 0333 04563 07240

R? 09230 0.9534 0.7129 0.9463 09122

" Bulk density, breaking strength, CIE L', a’, b’ values
2 Popping snack was made from mixture of spent fowl meat and corn starch(l:1)
% Degrees of freedom

? Sum of squares
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Table 27. Regression coefficient of the five response variables” for the

second-order model

Bulk density Breaking strength
Parameter . .
Estimate Prob> | T|? Estimate Prob>|T|

alintercept) ~ -324483 00124 3516 00299
b(Time) 00236 0742 1628412 015%
o(Temp) 02411 0012 . -255813 00299
d(Time*Time) ~ 0.0024 0189 0460 08121
e(TimesTemp) ~ -0.0002 04315 0882 01213
f(Temp*Temp) 00004 015 04197 006

= _ = =

Estimate Prob>|T| Estimate Prob>|T| Estimate Prob>|T|
alintercept) 20436169 0.1050 -26296116 0216  -2007969 01118

b(Time) -10.0286 0.3803 25978 07172 -48115 06589
c(Temp) -14.4234 0.1166 19.6090 0.0211 154086 01035
d(Time+Time) 0.2018 03972 03353 0.0892 05839 0.0664
&(Time*Temp) 0.0247 0.5240 -0.02%6 0.3363 -0.0134 0.7240
f(Temp*Temp) 0.0264 0.1192 -0.036 0.0211 -0.0289 0.1008

" Bulk density, breaking strength, CIE L, a',' b values

2 T test carried out on parameter estimates
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Bul« density

Figure 8. Response surface plot for the effect of popping time and popping

temperature on bulk density.

Figure 82 "3} 2 ¢} 33} A|7to] bulk densityo] v|X]&= P MgEHOR
el ch. RSREGH o] 2] o2 bulk densityo] A} (stationary point)
2 Y= 280TC, B3} A 72900, o)y YxE 0.18g/cr2 A==
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Figure 9. Response surface plot for the effect of popping time and popping
temperature on breaking strength.

Figure 9= 5259 B8hAlzko] breaking strengthe] W]X& J& W E
dog Yehldth. RSREG Mol 93 )5 @ breaking strengthe] FAH &
W3 270C, P3}AIF sEQon, olu breaking strength2 25kgo. 2 of & 5|
k.
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L* values

N
\\,‘\‘\w‘ﬂll ”

Figure 10. Response surface plot for the effect of popping time and popping
temperature on L’ value. ‘

Figure 102 M3} BapA|to] HEE Yehle L valueo] mXe 9

2 HEEHOZ YeEh ATk RSREG Hyol o3 454 L valued) HAH
o MW X 260C, ABAZ 52F o ojnf L value: 63.792 cl=s it
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a* values

Figure 11. Response surface plot for the effect of popping time and popping
temperature on a’ value.

Figure 11 gste 9 BshAzro] HAEE ehle a valed) mlxE 9
¢ W$EWOL YEhRYITH RSREG Wol o3 A58 a' values) 347
& W8 L% 270C, WA 52800 on a value: 28302 | ZHUTH
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b* values

Figure 12. Response surface plot for the effect of popping time and popping
temperature on b~ value.

Figure 12 3} BgA|le] =& Yehle b valued)] B|X& g3
& wrgEHo 2 ehhich. RSREG o] o3 o)2¥ b values) FAHL
B3 &5 270C, BHAL 5xQon ol b value: 15392 o ==Y

wre-EHdY W3} 2% 280C, W3 A 79 2y} Y3} L% 270T,
B2t Az 52 239 B HHY APxPo2 FHIUT
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A} A

Table 28 270ColA AA3A Hstd 249 FZRAENFAFo|T. 7|3
4 BARES 122 MFE NEF HYFo] 3go L HBAZke] 52 A8
7} 80022 7MY ¥& &S UHWNE, BV SeseHES 32 WF
o A8 F AYFol 2golm BBAo] 529 AR A 1 G ke
£2¢ UEhiQY. 2% 27244 AR12)2 WER NEF S2EW
Boe NEe A M3 e £A8 oo YA Hur) WFEe] =L
42 &g 3o @ A MY 2 £28 B ARE &utd 59
Sgn %% nAAE GAZ Furle v ¥e5E e $X8 Y
Bk vHatAEE FEE 458 ~ 683F Yol Azd E Aole AU
Zu)9} mealyd] A9E SFAAZ ARY 2 207} Y= HoZ Yy
2oa 715D &9, @, BAANE I 23 FrE ZF 0.1%AA
$240] AATH Table 20 280TNAN YFSA Pae 2de] ATFARY
Aol Barle S45ARE 122 WHsd 3gAYT N2 F$ AE
HANE 7HE B& 28 YD, 2aelE 713 e A8 e
At Ve SFEFARL L1Z ugste 3g AU NE Mg Re £F
& BgE, gusls PAALE 212 s 2g MFTE NEe B¢ uat
AdEe AEs 7HE B £32 JURL 671X §EF 54, &%, &
g, waAE AR R FrlE 2 0I1%5EAN #9948 Yshie ez
BAEATHP (0.001).
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Table 28. Descriptive analysis with scaling of popped snack(270TC)

Y

treat

-ment

111
(2g)

111
(3g)

1:2
(2g)

12
(3g)

2:1
(2g)

21
(3g)

31
(2g)

31
(3g)

Cn

e
-

.
-

FL™"
ME**

.

592£2.02
382+t147
417+2.33
592+1.56
417134
392+2.35

408%227
2.83+1.40
3.75+1.48
542*151
375+142
3.17£1.95

3.33+210
4.00%1.48
367197
4581235
358+1.83
483+2.82

450+1.88
250£2.15
2751253
5421223
425+2.05
4.25%3.00

42501 1.54
3.083*211
3.666*2.61
6.83311.47
4583+2.02
4.250%2.14

325%1.29
358223
350232
583+164
400+1.41
3.67+187

758+178
367%3.11
358+3.06
6.00%2.34
5.08+2.15
350+3.21

558£1.73
383+3.13
3671287
583+2.48
450%2.68
3671281

e
-
-
-
.

583+1.85
3.00=1.60
367%1.83
517+1.80
442%183
3.83+2.17

550+2.32
300191
3.00+2.00
5.83%£140
417£195
342+2.19

567+253
233+172
267+227
525+263
500+245
442%312

383+241
2.33x1.67
275+2.34
4921202
4.08%1.93
4421247

4500+157
2.833+153
2.833+1.40
55001157
4.0831+1.56
4666+2.27

5.251+1.60
2751148
258%1.16
5751201
5081207
4.33+2.99

5.58+1.73
3.83%+3.13
3.67+287
5.83+2.48
450£2.68
367+281

7.33+197
433£2.10
433*167
5331219
442£2.39
458+2381

6.50+2.02
2.75+£1.96
3.00+2.09
517164
5.2511.86
408%271

4.67+1.30
258%1.78
2.25*1.42
6.58+1.68
525154
325+1.86

7.08+1.83
1.67+0.78
1.50+1.00
525%2.30
5.83%2.21
517+2.98

8.00+1.65
1.75%062
1.67+0.89
5831217
4.25%201
5.08+239

450%151
342+250
4.00+2.09
567+1.78
3.50£1.62
5.00+2.34

4.58+1.56
375+2.49
4.15*1.85
492*1.68
433£1.83
283*153

425+154
283+1.27
3.33+1.67
542+198
4001222
467+261

367*1.15
4.08%2.19
508+1.98
483%2.12
425245
4.25+2.42

6.0811.62
2.67+1.23
233144

. [533+1.83

550+1.68
433257

567*1.78
342*1.62
350+1.78
6.08*+1.68
483%225
475+£2.56

7.17£1.95
258+1.83
267172
5001135
550%2.15
5.17%£2.66

5.256+2.26
2.25%1.06
2.25+0.87
533156
5421220
5331274

458+156
333115
3.83*159
467+1.83
358+231
392x211

52517
433+1.87
525+2.56
53314
4001213
458+2.27

375+1.29
350198
358+1.62
517164
350%1.73
408+2.23

342£1.08
4.00£1.60
4.50+1.68
542207
408+2.23
3831269

* spent fowl meat:corn starch, b, spent fowl meat:potato starch.

*. mixture, time(sec)

!\ Apperance, % Bitter, >: Burnt, *: Crispy, °: Flavor, 5. Mealy.

™" Significant difference at 0.1%
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Table 29. Descriptive analysis with scaling of popped snack(2807C)

treat

-ment

111
(2g)

1:1 1:2 1: 2
(3g) (2g) (3g)

2:1
(2g)

21
(3g)

31
(2g)

31
(3g)

AP[.-.
_|BE*

Bljacn
CR‘”.

Sexe
c FL

667£1.72
342%231
392£2.35
492+198
3671231

[375+2.90

567+150 [9.17£0.72[550+1.88
258+ 1.4 [308+168(200£1.21
267183 [333£156/3.25+2.60
617221 [5.75+2.14 |675+1.86
433+257 |358+231 3924239
342+193 [375+2.22 (3424269

6.33+1.92
342+1.38
425+2.22
6.33+1.87
3251218
3422207

6.331.83
3421243
4.08x2.71
6.921+227
4.58+2.07
3.75+2.70

583*+1.75
4171295
342+250
542+235
350%2.24
4.33+2.90

375%2.18
4251253
3.00+1.95
533+1.83
292+168
3.75+2.53

5.00%+1.76
350+1.88
567*1.83
533£227
3.08t151
4.17+2.69

7.83+159 {825+ 1.48 |8.42+091
275£2.30 {2.92+183{3.08+250
3.75+253 [358+2.31|350+250
5.75+260 |458+2.23]758+1.44
375%234 [3.17+204{4.08+2.23
400%266 [4.42+254[342£2.31

417+2.4
4581261
5.08%2.78
6831252
383+252
3421281

4481183
4.25+296
475+273
6.9211.68
4.331250
333284

442+219
4.33+293
483+2.72
6.92+250
3.08+2.02
325£22

367+2.23
3671281
3.75+263
5.08+2.78
308+1.68
375+2.38

AP
—

BU™
CR™
S I

ME™

6.83+1.99
392287
392+281
758t1.44
508+1.78
3.83+2.76

3.08+1.38
467+£287
533%3.14
7.831+1.40
508%271
275+£2.34

408+1.88
525%2.49
6.08+2.87
800+181
3924275
242%162

AP™
BI™

BU..‘.
CR'...

FL™

ME™

592%1.88
325+ 186
342%1.93
692+178
467167
3924247

" 140011.60

425+256
533284
7334192
417+304
358+332

2.75t1.48
5.50+2.61
6.42+2.61
750%2.06
383+22%5
2671206

: spent fowl meat:com

. . " .
: mixture, : time(sec).

starch, ® spent fowl meat:potato starch

' Apperance, %, Bitter, .3: Burnt, *: Crispy, ®: Flavor, © Mealy.

™" Significant difference at 0.1%
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A 22 B35S ol 8T AFAFANE
L AFWE 2 %y

1xpd = #3}7)(Auto grill popping machine JT-04)e] =] wWE Hxr] A
4 ¥R AA=AFKTS FHY wiFduo B2 PP LS P 9
st} W32 %(260°C, 270TC, 280C)F HAIZHSE, 72 10%) 81 BFrt
HA @5 A71FE AT ARNF(STFFAR, 2AAEE Y4 E BA

37] Aot zt =AW 2 Ysteoh

7h WA de] JYPEHY

) Bstadel fst=13 gl e AP F(AAANA)
Hsto] Bata Aol B3 Azt 7} WYaxdd WE YA 291 =4
&% 579 wigeld nE Ao JE9 JAAEY JuHE BHEY] Yt
FAIARRAV RS o] &3t =9 dAE BEAENUT. AP ARE 05
X0.5x02cme AEHAI HEE £o02 AE F YHHO|ZE o] 4319
specimen holderol] 53}, Algule] 8 A As7]8 50Cdrying ovenol
A 24X 2bE <t Ax3d Tt o] holderd] HEso] ZFP AIRE ion sputtering
device(JEOL JFC-1100E)e) o] gold-palladium© 2 ¥ % F scanning electron
microscope(JEOL JSM-5410LV)& o] &3}o] 10KV, 500mo|A] Soup= =Z=Z & F
31931, YE & Polarloid type 55(4 % 5in, 9X 12¢cm)& AM&5-4 )

2) HatAde wigeld AES ar1Yzte] YA B FCHLAERA)

e ARG 27197 Hetgel we 474e) WYY YeYs By
#18te] ZEISSAHGermany)9| #3& 1|7 (Model Axiophot)& o8&t B33
3, AFEL  Lugols stainy S o|§3d 3go Iodine crystalsz} 15g Potassium
iodide& 1000mloll 3¢ &4& o] g3td FAHR, 2r|YA F GYA 9
¥ 42 Ponceau 2R-Periodic Acid(Gori, 1978)2 o] &3}l 40TColA I 3tY ).
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v A ey 2

D HHugy) YS9 2dAx

HHPIugH S % wyoz WAL IRdxe FRPY HLE
(180C)s WEHALARHGR)EA 2de AZHAD, A=At AL W
ME oAANE QRN BaeT 4¥Aol $HHIUD 11, 12, 13
ARG AR)Y AT olFART Fdo wge LAY Adx
A% AR WA Arletm, ddel FHE BL0Y Re Uy AF Fd
oz gwmoz ANzSo] MzsE oz wuFAN o, FUAY o, F
gol= 7l o, Be A7 9, W& el Pde PN HAFE s
hdufge] ol §8RT, AWAQA Fusle st PN s 23, A
Be Arlgdz BEso 2z Frhsigoh dde H7MA e uge st
o £Y712 ol &std 302 Tt EREAT. Fd Fst F gy EFEL
Aoz AzHE o o wAdA ¥ MFSTAB=ARSH AR, Fd)
Sugtetdz 4zt wrEsle] grinderg o83t AT RFo2 A xdtH
TAzsA olgsuon WAAZA AZEEH A7 HsAzy 2de

39 B4g MBEN SRR

y

e oobr o

2) AAuign GEE A B5HA

Hd duigu S MRS Y8 )ZA AxE 2o U AFHAE
AAEET BEPAE 1299 #5890 &AM A =RAHEA W (descriptive
analysis with scaling)g AAlgtgm, 2@ &g, &5, F9, 71584, 44L& &
Hgolog ddm, 4 Fdujudz Axy 299 AAHA =4 H3d
AHpgit. BAZAFNE EAXE T2aPQ SAS(1995) T2 WS o] &3ty
BARAMS S35, Y o4 FAL Duncanel Multiple range test=

a e A AolE EAMsYHP €0.05, P €0.01, P <0.001).
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) #3rie] 20 & Fu7] 484 dswd

Fig. 1 Scanning electron micrograph of popped snack(a).

Fig. 3 Scanning electron micrograph of popped snack(c)
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<= (7 Hx)| ArlE
(meat : potato starch) G2 5(C) | 7HQATHR)| A ZF )

a 1:1 280 5 2
b 1:1 270 5 2
c 1:1 260 5 2

Fig. 1 ~ Fig. 3& $lo] e FEs} go] uyxol aFsAh dxnrl:@a
Axel wigul, 7HGAZ, Aol e 218U ARE o] &3t BEA 47
e 7tdexrt e nAe J¥& AHryAs Bad Ase Q¥
UERNQITH 280Te] 7R E AN #H3ld &S Uehd Fig 18 4
2E 289 Azt gol #aHA g, b JtdexE 2 Hgoq 2
Axe Aozt 2 AL B F UYLk 270Ce 7AE2A9 H$ole Fig 29
A BE vie Zo]l 1 Aol #a FEsh 280Ce stdxAAAM BoE ZA
e A g dpEe I ate] Azt dASAE &gk 260Ce tEEY
dME e 7tdzarde bda 4zt n2d F3HEe & & A

Fig. 4 Scanning electron micrograph of popped snack(a’).
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Fig. 5 Scanning electron micrograph of popped snack(b’).

Fig. 6 Scanning electron micrograph of popped snack(c").

uf g N
) 7FESE(T) | 7FDAIH(Z) | AL =)
(meat : comn starch)
a’ 1:1 280 5 2
b’ 1:1 270 5 2
c' 1:1 260 5 2

Fig. 4 ~ Fig. 62 9o ¥ ZezAoN Furl:gs5a202 g
NEE olgdtel FtQz0] B BAE 3 k7] gl WA A
29 ©wRe dehidt. ZARRlME B2 55 AR o4 o

3

o
o
M

>
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N&e 7Z$ 2600C tEeszdolqe Aatst 270C 7t =2UoA 9 o
Ao W=t ¥ Aol® et Fig 59 Fig. 6& 4w 270Te
gz 3¢ YA S%AET n2A PR Ge wE 260T st
2o A%E 1 B5Y dAe A7t 23, YASA REA] AL F
A9tk 280Ce] L EZAY ASE Az AT BT 2P WA
AT 1 e 2A BHAA FRSe derdc #sh =AM 7Hd
2% 280ToI 4 & 2EdME 29 AARFE dHE FuZ 42
9AT 2 A7t n=A BsA R AL ¥ 5 AYXDL, PE 260CTsh
Ze we exoAe 1 dAY A E A FEE dehich A
Hoz AAHo AP YulE 280Ce 7HAzA B97t 260CAA meh
o de s Yehlgod 280CT20) ¥ 2RdAE 4388 £99 23
o] tha ©uste} 260T stgzAuTE 2dd HAAYE AEE 28 A
oz wudr |

2) AHeAREIH F7Ho wigdd we 434 &+
ol Bt 2& HuE MeHTE Urol BFIAUT

, ZHELE(C)| 7HEAIZHR) | AU Be)
(meat : corn starch)
A 3:1 280 5 2
B 2:1 230 5 2
C 1:1 280 5 2
D 1:2 280 5 2
E 1:3 280 5 2

317



Fig. 9 Scanning electron micrograph of popped snack(C)
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Fig. 11 Scanning electron micrograph of popped snack(E).

Fig. 7 ~ Fig. 11 7t1A& & Agd oj48 uigulF gd27] : §75AL
ol g3t EYT YRY & TL /G E, MEAL AdBFAA Y & wiF
Hjd Bty Ade zAYPe e GdS AHE Aotk F wjguF AL
gao] o B 12, 13 uigule A$ 9ASA BE YARGE HEHA
3, m7ist AEQ el wiFuls} 31, 2112 17]e FFeo] B 29 A
cur B3y dejrt 123 FLEAT 27 AR wFE L] 31 =
Jdeo] B85S UYe Fig. 7 B3 JA& £ F AU WA2Z 12X
233, ztzbe] YA BHAAEI IRAHA X AL T F ANH. B3
gAY Ue Aol A#A GRA Moy FHol E4F Hsd HEH
2 ozt wd £ gdFig SolA BE utel o] 212 wigd A8 3

o
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S 1 Qxate] WA Rolx o] Fig. 103} Fig. 11¢] Yehd AXRG 2
377 o #Agtn, AXHoz Had g 2v7k dAHA Giud L=
Wgte A2E Fig 9914 HiE upel go] of 30% A= n27 #3d YR
dge 2 4 oy 9% SoN o8F oz gFd mge Hst
n2x 5 e JAS B & AN, 29 e FE A 2F dHHA
23 P2 BEYD A2 2 AR A7) £ e FHE YEPETH

Fig. 12 Scanning electron micrograph of popped snack(A’).

Fig. 13 Scanning electron micrograph of popped snack(B").
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Fig. 16 Scanning electron micrograph of popped snack(E')
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Fig. 12 ~ Fig. 16& $1¢] Es} e Fd2 Urol g7 ZAdes o}
stod 2 wjetulo] wet WatE Age W@ Fakd wzd =39 ¥4
Je3 Qo Fig 128) A$ gzt 312 #2719 gRFel o ge A
2ot} o]t MAMeT TA WY FHolAY YAIt A BHHA ¥
93, FpuBe Wiy 94 FUE B 4 9tk Fig 134 mevis g
o) 21(:17:AB)S) MGHIZ EFY Are) AE4E 319 P2 Wi A=
o At WY AEE d Fou I vk FFYeE Fe Holth 3
AR L1Z Wy AEE 313 212 vigd ANz v 1 B8L o
A9 277 O Aod, HRHos 2 W oAT YT FHE deu
. Fig. 16014 R uhsh o] 1:3¢) wigu|z AR Fho) © BE A=
e msd Axe =717 e Algd H&d AR A vehko, 280Te
A wetd 139 Pz aga Az Wiy A= Boe 2 A 383
S} AR 2A AFHo wge F AR Fo| FEA @t AR
o mag YEs n=A Bee T YHUm B5E YA 2= SRS
2 = 2 gt o8 T8 Ao Pystd B 9P vIAE o=
.

oo

f

3) wged 2k 4EAe) B5E FHRA

Figure 17~21€ AR 43 379 gy dae Bstgq ma
s9 wegs Bass] Asd 2z ArEz g4 o FRANFeR
29 Aze debd geloh

il
tes
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Figure 17. The micrograph of popping snack observed by optical

microscopy.( starch = black, meat = red )

Figure 17 3:1(meat:starch)] vj@ul2 EFP ARE H3so o)2A Ax
g 29 gEe Y ALE B N dxn e 9yA 4R F A
ARSTH DBl 44 HsiA ¥HE FHE vehlln Yt Aoz AA=z
B3 AR 9 ojFo Fx, @A 3] YA FE oA A
naslo} EAste Aol FRHUL, ARGA Role FHL HsHo ¥
A RRoz I F¢ EF ALc) F2 A% e AL E F A

QA

Figure 18. The micrograph of popping snack observed by optical

microscopy.( starch = black, meat = red )
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Ehy L, 7:‘]%’-‘11-.—‘.’: € JehlE= Ao = Figure 173
Q&Ko RERE 1+-r1°1 HAAN &R Ae =
FZ0lg At FuHd AEo] Bo] IAFH Qe A&

° p=3

>1

Figure 19. The micrograph of popping snack observed by optical

microscopy.( starch = black, meat = red )

Figwe 195 AdxAA4s dEe L1 wWigd Egee Bste 29
UEg Uud Aoz ARUYASE £ XA A& o B o4
Hnm BRHE o oo 2 ROz AHAPAN AEo) F d¥e Fe

% QLom, Figure 19614 RE whs} go] 17)9) A 9REE BE
%g W 17 YASe Bo] o8 22z B4s AE RE B 4
o).
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Figure 20. The micrograph of popping snack observed by optical

microscopy.( starch = black, meat = red )

Fig. 202 A@xAd83 dEel 129 vz WPy EFEL g3t
Bsig el UEg 2 HEY G5 BBY Ao Pede dr ¥
& Waksol 2o g3} 44Y 7YY HUTY FEE PRI Yon BE

AYE AL B £ Aem 2 Aol HeMg g 7] U=t

Aeso] ARAA Alolo} 7lo} EART YA Aol BFHUT

£

Figure 21. The micrograph of popping snack observed by optical

microscopy.( starch = black, meat = red )
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Figure 212 A2 AA 45 ARl 139 ug2 WEd THEL 43
Bag 24 URg 2 AUz GA%d BIL AoE WEY Yo B
go2 Ao il AA JMsdgdd 53 dRe B odd AR
5ol Rool og REHoE AW ARYAEY EAe Fohol s1Astd
guuLel Fo5ol et 2719 FFel Aol RS Heae
2 248 1719 YAES g HA dehd AE B 5 Aok

v # Al &9

D A Wew NASEGS

Ao FPulgue A7) dd WA Pde WAY F AAARA
AAY2 Asted Fd AAe o] FFL F & YonE HAxAY AR
MEs g2 Pde Asbstd Wz Azdd WY 233 AP F
2e zAse MEY TYEL ginderd o8] YA YAE VB I
so] HAE spoz A% WY 29 o2 FANZ Uro HaP
Hata Fdozs deld A& vle go] iAo sust HEsE
e Aoz dAstgon ode Fol= X o, whMF A %, W
A7 5, Be A7 9@, WL o Yo drsd AzAAUT 2 PdEe
Artae AL meistd RRaEe ohd Felol= A 9, uhulF A
2 B, FEA e 2%sh 3%2 Urol AZSRL, oildHe He Y @,
W e BugeHe PUET $EF § RonE 03%s 05%2 UFo] %
2t W7hstnh 1AGE AR AW EYER DAARA EFE2S 2T
o Wel AzEEC] ZA FFL Wi N FEHFFS 17~2%2 Yes
W, dolez AzY A4 AP VEY TEEY S BT 1 FFe %
@ wez aamYck
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Table 30. The content of moisture of dough and the rate of product of particles
using the dough.

TEEZF(%) 30 35 40 45 50 55 60
AEZ 5@
SELI LR
YRR Z & (%)

2+ | 26% 8* | 97 | 83% | 69 | 43=*
014 | 042 028 | 000 | 014 | 022 | 018

Table 31. The optimum content of moisture of particles mixed spices, spent fowl
and starch(P <0.001)

B B |[F |[F |s |s |[R |R [B0O |Bo

samples 2%) [(3%) |(2%) |(3%) [(29) |(3%) |(0.3%) (0.5%) [(0.3%) |(0.5%)

23 Heoz 17.11 [18.32 [19.10 {1751 |19.16 (1841 2020 (1810 |19.60 [18.40
o |[AIZE YR [£0.22|10.13[£0.35] £0.40{ £0.08| £0.16{ £0.28 [ £0.42 [+0.28 [£0.00
B

gt g o &
(%) [3td A=E
A=

20.10 [19.90 (2050 |22.50 |17.70 |17.60 [19.55 |19.13 |20.10 [18.74
+0.42(+0.14| £0.14| £0.14| £0.14| £0.00| £0.15 [ £0.38 [+0.22 | +0.14

% B: barbecued chicken, F: fried chicken, S: seasoned chicken, R: roasted chicken, BO:

boiled chicken

2) #EAA

Aol FJuidulE AA87) Astd Ao Fd FFH A Pl g
HETE Urol BF5AAE B3 E4g APsA AYFEeos =Y
d7gol & o] g3t W3ty 2de QoA M&ule} o] g F A
Alel AEe] MFA FEE Forsted, 53] o gAcdA Hslee olfE A
HAZ 71 2 uidd 5 e dAolx, F HAR AFEA &gz UE
2 YA 5 gy vtz de] wigA dASA nYsHoigle YAl P
< 12/ F7HE & 43, AT soEgE Fde] YR EL gPold B9
UA S B 7ol A HEz AAHA £48 /Mg & Aoz wd
Hez gde Fridde 4R 959 A Ariste Ade AgsAo

Table 32, 33, 34& A& A} AL wiu(1:1, 1:2, 1:3)0] wa} ztZe] <
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gl 254 /13 B5AAATE Yehd Roloh Table 32& 4vRW A
BreARS FFo) 1Y BE WFIU) WE) e wgHe) ue g
3 2RAEs GAZ M3 BA Jegen v A %3 FEAARY
A Aol Wobdol ma 2de] Mo WA UEhE P <0.001), WA e} 7
$ o ®A JERTHP 001). B9 WP Wopddl wa oz AXY £
Q= FdY AEE ZAaAT gAACE RE 9de] 1 MM e U
ehirlolE g Roz WHHETHP <0.05). BAFPS T Az QA=
ot 29, Y NS0T AYog WEO o]E WA AW B
A% B3 wotz &5to] Aozt Yy AARYL £ Az dole
$ BAAZA ohELe) gt kP& ¥y dgd IAAgel Azd
B2E o448 ARGE wutd &5t B4 YshtE Aoz Budt. o
A1 P F MR Be NEEE Ul RS 95Q% 3%) %I Fao=
A0Q% 3%) o) EA GERon ol AFHox FoWA HL7] Sfe
e Ags 77 @B 7H3} Bol M5 Aoz #VBY.

Table 33 1:19] fsujdunc HJAZHRYE AA Azd AH} w5E
ol 4% YAE ol &d WY R Holst 2de A AXNHE PEAE, @
gte] 7% 3 Aolst 2A et 58 AXHE P A E(seasoning)o]

S Ay w2 3o AzY YAE IAY glol v AAg=z AsteE
el el ol o Bo) AXY F Y& Ao dqyuT. Y ¥ 3
s AT PP e AS e Fyol us @ute] Bo] AxHE
Ao vehgd ot ¥d AAY el dol AYoeA By 29
gute] g FYE B o Re 9%¥e N Ao BUPG. Euohid
ol % 7bA Fdel A BE ALY Moy fFo} FHFE Moz W
3 g Aoz AAY F AL Axo)y] Wi & Fdd v 53 7154
o] 2A UetE Rog BREYUTHP <0.001). Table 340]4 R st o]
AR Mgz} 71} 2L ETREL WA ol gE WMgHE A
EgERTGE 299 P43 Mo) 4R S5eA ez, v &t
A% M3 A Ueio Begte A% 03%E $de %e AN T £ A
Qi B9t B¢ AXHR Fow Azl B& 0.5% A 03%uctE
ouel gho] ok AAHATY B %ol EEF Eng Ushirlde $E8
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o W& ool A TE el He) 2 %ol EFFHAL, 29 A ©
# o3 by B olgEEs AoZ Yyt o= ot BY thE Fdol vl
# 53] 05%2 H7HA I EEF sto] vu, who] nAste Adsl Uy
93 2 ojgEE Aoz Yt PPN %o A¢E dAE DA
AA e ste tha 78z FaE te 2dd va T4 Yl AE
7} 7R ol 7150 A & £2& JERAUTHP <0.001). & %3 o
% oo A ohE el Ha Fdolmz Bstg 299 Ho) 7HF s
= 713 A8 A4e Jerid

Table 340]4 B 4 §l5o] 2 gtz W& ste thE oy Hls) wA U
BRI, Buish 2% B9 2e £3¢ Ueuld. Table 329 3304 Anm
gt=o) 115 129 wiguls} vled Aoz WS b} Feho|= gho] 1 7
340] 743 BA UERen AAYez AZY o) By} Ay wEe 3
o AzY WPolE olgste] Wiy 2do] WA o ¥& vtz &9
U, AAEE Fde] ARE o ¥4 JERRTHP <0.05). BFAAAL
Wal7)E ol g3t 2de Azsmz oju do] P el P& A
gt d4e ¢ 4 A}k PP Hrhgol 2N e 1 e o Bol
ANHANT FRAYOD AAFL F7HA77 Bt AAHA 2We mest
& 77t FHE AES Az A% Al Fuy] 49 stel
AR £z P WRS AFsn, 1 B FU AL F e g
FUse Frite BT Wsy 29 olgste] FEHH A 1 &
s o $AAVE B2 E G AsHoz ATk ¥ Ao wog
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Table 32. The sensory test of seasoned and popped snack
(meat:starch=1:1).

color’™  |apperance” |burnt’™*  |bitter’ seasoning” laroma”™ |flavor’”™ |acceptability”
B2% 6781154 (|592+231%|383+1.03|253+1.73|1.88+1.11 |358+156(458+1.78(|4.56+1.62
B3% |773+258(6.35+124 [332+1.73|242+154(193+0.25 [441+142(|442+162|4.48+1.78
F2% |532+1.35(650+1.86 (2.16£1.13[21311.47|143+0.75 |445+219(576+1.78|521+2.17
F3% {489+1.33|567+154 |1.94£0.25(1.87+0.70|1.7810.75 |458+2.12{5.42+186 (553 £0.62
S2% [5.13%£202(6.73+1.68 {5.4412.23(246%141[213+178 |3.39+1.08/5461154(457+1.65

$3% |6.13£224|598+1.42 |5.46+1.77|259+158]254*1.36 [357£115(6.13+168(4.48+2.15

33% 332x£1.17(756+1.78 |231 107512231146 |251+1.24 [551+281{6.75+142(3.10+1.35

(?5% 327%+1.44{871£1.30 |21611.13|250+1.34(277£0.13 (554+2.39(582*1.78|3.97L1.72

()B_g% 251+147|7.73£2.19 |1.79+0.75 (150057 {1.56+057 4.03+2.19(756+2.19{6.57+1.83

gg% 234 196(7.21 195 [222+056]1.67+045|189+1.12 |441+167|88+1%56(7.13+1.95

-+ @ — — o J

B2% |6.73+1.35(65411.40 [21610.33|231 £1.12|1.75+084 |658+210{7.73+1.40(5.46+2.25
B3% {6.95+2.52 (5481200 {1.36+046]|344%143224*1.06 |5.78+1.97|7.48+200/5.12+1.78
F2% [467+183{6.35+191 |1.14+015(1.28+0.71(1.84%1.10 [7.63+1.73|7.421+191 |6.54+1.62
F3% [442+160(7.231232 |1.26+0.73(1.58+054 (2252120 (7.75+1.78|7.751+2.32{6.68+1.78
$2% |7.13%£215|6.13=1.95 {445+1.64(223+1.03(1.78+0.78 |7.82+15416.57+1.95|4.92+1.86

$3% 1667187578142 [499+2721311+1.33)226+1.47 (7.80+2.11 [6.78+1.42{4.58*1.54

33% 267+181|7.15%151 {216+1.10{1.3410.98|246+1.58 |6.50+261 |4.34*1.51 |3.89+ 1.68

ORS% 2152158(6.9711.48 {1.94+041|215+0.78(210=1.21 |6.75+1.47({4.72+148|3.46%+1.42

(1)3.53)% 1981064 |688+140 |1.661072|220+1.21 |1.72+1.45 |6.15+£2.02(|6.83+1.40({4.79+1.78

3(5)% 275+1.3416.47+£2.27 |1.87£0.37|1.88+0.30]1.88+158 |5.83+2.14 (6.821+2.27(5.16+1.30

9 M & O 3

Dgygygez Az oz By 29, Y 9Eg Azd Yol Hid 29
» 0. very weak, not acceptable, 10: very strong, acceptable.

Significant difference at 5%. ~ Significant difference at 1%..”" Significant difference at 0.1%.

% B: barbecued chicken, F: fried chicken, S: seasoned chicken, R: roasted chicken, BO: boiled chicken
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Table 33. The sensory test of seasoned and popped snack
(meat:starch=1:2).

asy oo

color apperance”™ |burnt™ |bitter"  |seasoning’|aroma™ |flavor™ [acceptability

B2% |6671181 [652%162" [332%138 [254+175 |152+073 |368+147 [543+1.8] |448+161
B3% |632+22 (6131181 {387+1.14 |264£131 {182+045 |532+146 |5.78+1.44 [44911.48

F2% [450%168 (6541249 [215+1.38 {1.77£092 (246*1.13 |466%155 |6.75+250 [603+1.49

P"{F3% (456263 6571188 [2.00+140 [1.85+058 |2541084 [497+0.78 679148 6.5+

® |2 [17+27 (6138218 |5465134 |2465117 [2032076 |414%125 |S87£199 4564151
| 183% |78%118 55823 [555%150 [254+153 [238+144 [457£178 |613+287 [547£153
‘: R g (2134150 [756£196  [208+064 [213130 (1354075 (612123 (6242281 [413£168
Mg 243513 [B3E18 224084 [241£150 [274%148 6282078 |630%144 354516
00 |L87£0%0 (1772168 |LI5£061 [146+034 2172075 [513£168 [T16+178 [754%1.83
= 224%184 189238 (1642060 [1722066 [242£106 [527%138 |743+276 {776+218

B2% [642*199 (7261219 [214+062 [1.7510.76 [2.31101.62 [654+149 [648+1.78 [6.15+1.38

B3% [687+192 [6.13+235 . |156%081 (221+083 |258+1.87 (6.82+188 |644%167 5801221

F29% [345+1.38 (7331224 [1.84+0.87 |1.751057 (283081 |746%1.38 [7.24+247 {7.15+2.87

,|F3% 14431271 (7434290  |210%049 |184%05} [297+1.75 |787+1.87 (733+125 |748%1.88

z

([)) $2% (757+227 [643£219 [7.13*188 {196+060 250162 |633+103 |756+1.06 |448+218

U 15396 [768+187 [6.11%193 7554287 |284+1.38 [253+1.48 |654+167 [784¥187 [4DE144

: 33% 231121 |7.33+172 (2131084 |195+087 [1.72+061 |6.41*+248 (4.45+1.38 |1397+1.76
(I)(.S% 254*168 [715t250 |244+092 (1571064 |1.83*1.06 |657.4+257(513%1.14 |333+1.3
32% 226+152 [6.78+2.02 {203+1.04 [1.82+160 [1.83+1.25 |567+187 [578+1.40 [415%286
3(5)% 244*14 6131'2% 1971032 |1927092 |194+1.06 |573+1.66 (619171 [546£1.73

D gAYz Aze gyel2 BtE 29, Y S AZE YYol2 Y5 29

M 0: very weak, not acceptable, 10: very strqng, acceptable. ‘
Significant difference at 5%. " Significant difference at 1%.""" Significant difference at 0.1%.

# B: barbecued chicken, F: fried chicken, S: seasoned chicken, R: roasted chicken, BO: boiled chicken
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Table 34. The sensory test of seasoned and popped snack
(meat:starch=1:3).

color™  |apperance™ [bumnt
B2% [532%172 [6.63+231¥ |275%144 |213%1.76 |1.3130.73 342231 {546%150 [507£1.76

ey

bitter” seasoning’ |aroma™ |flavor™ |acceptability

B3% |7.131150 [668+144 {346+1.93 |276%1.88 [1.75+035 [492+198 |558+1.32 [5.34+1.88

F2% (4153072 [783+168 [126+1.08 |142+151 [1.33%044 |458%231 |6.75+22] [689+1.83

—

P F3% 1434+1.88 (745121 [142*121 |168+114 (189078 |477+191 [63H*260 [699+227

€ S52% [697+192 |7.12+138  [589+1.68 {1.95+167 {147+065 [3.67%145 |630+2.18 (532x151

1 :

1 S3% |7.27£183 |667+243 [558+148 |224%160 (191082 [441+257 |6.67£253 |548+2.23

e (I){B% 150+071 [850£071  [1.02+0.13 [1.50+£004 {1.056%016 {550+0.48 [6.50+0.25 |5.00+0.03

t ORS% 153+070 [9.00£0.13 |1.55%+0.14 |1.50£0.71 |350+0.38 (6.50+0.26 [5.50%1.75 |458+2.07
OBg% 192%072 (853091 [1.75+1.02 [1.35+0.76 {142+1023 [452+1.78 |853+1.83 {852+1.48
BO

05% 1.08+056 [898+£152 |143+044 [167+023 |1.921045 (567+1.83 [9.02+250 |9.24+2.9%6

B2% [558+199 |758+144 |153+044 (1174039 |1.92+04 |683+252 |7.58+1.87 [683*+1.99

B3% |6.72+240 |608*251 |1.31+0.39 [159+043 {342+231 |667%28] [567+1.83 |556+227
F2% (3582231 |783+159 (1.27+0.23 |151*039 |1.75+044 17.7512.18 (762%2.25 |7.07+218

D: F3% |375+253 [815%£233 |157%071 (113+051 [255+1.26 |833+1.80 |842+148 {7.58+1.44
o |S2% |7.78£253 [672+272  |693+1.99 |187+073 |1.721084 |6.7220.73 [653%1.78 |554%2.74
u |S3% [758+1.35 (6111140 |7.64%281 2674106 256162 |756%148 |575%149 (467167
g (1}3% 1.34+023 |818*175 [1.25+0.25 [1.23*1.11 |156*+1.03 |(661+2.23 |552+192 |466+1.32
b .
0R5% 1.66+048 [878+29%  |143+061 (158+098 [1.78+1.15 [6983 £2.8]1{4.56%1.38 [425*168
(1)38% 197095 17.97=183  {151+033 |167%1.07 [199+1.97 [553%+263 |6.72+121 [533%223
BO

0.5% 223%114 |745%253  (1.68+047 (1451072 [1.78*121 |572+168 {69715 |454+1.89

DAY Az ghol2 B 29, Y iR Az ¢l AP 29
M 0: very weak, not acceptable, 10: very strong, acceptable.
Significant difference at 5%. °* Significant difference at 1%.." Significant difference at 0.1%.

30{ B: barbecued chicken, F: fried chicken, S: seasoned chicken, R: roasted chicken, BO: boiled chicken
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A 34 B3 2 APAF AzxIARE L AR

s
2% AT

j 5

7b. B 2 APAFY AxER FH

) 27HS(E4, FE)E <18F Hixg A=

IR AYSHRAE 2 BE PAE 45 29 D Ay )
TRASET. 4 A4 FEE SRR, MBENE Astd ARE ol

gaqon, wr|ge] wgue AHWPHZ 4 1327 FHE o188
Aok AzEEe Wan 34 JIFSUE BE | 1Yl 344 4 W§
vo2 e & F HAY FEE AElE S s, AR B e Wy
o2 m7lsh WEste WEE HAT. ginderS o §3e WHE ¥ IFE
Foz UOEE 3o AT YAYHE VEIL FEFS 1T%2 ZE 7
Baatgoh AzE B2de AJASE B A dxs A, AdH
2 27435t =& Bhattacharya$ o] Wid] F3to dx@ A8 FHe
ZAZRY AdsAct e B3tE AEE ZotA number 6 sieveE T}
N713 2 NRE 50m cylinders] 127 Hob 1 £FE et o2 23
d ENE AFY Uro I=E FAHstcd ¢ A8F 3Ee2 dun, B
g g JIAFEE AYs/IHE N=FAHLS YA (Hunter tristimulus
colorimeter, D25-A2)E 7IX 12 Mg A8 HEL), AY=@), FY=D)E
Ytz § A8 3tEez ZAsged, viALdE I=E 54 3§
93 Ag AYLS  Wamer Bratzler shear-compression type2 Al-§-3te] ¥3ig
ANgEs 738 o Jelis 3L Instron Universal Testing Machine(model 1000)
oz 243P1 33 NHEAY] HFHE YA o | 719 FE £
2L 9&3 2o

Cross head speed : 50 mm/min
Chart speed : 200mm/min
Max. force of the load cell : 50kg.force
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2) B3le) o] &= E YA AzF

1719 AL 1322 Wige ARE WFsEd od I FEYF F
grinderg o] &3t Hrgoz YA YAFYE HYsted 3 8L &
o YAYEHE AXY & JSANE BMAY. FESFL 40%, 45%, 50%,
55%2 B/t APl ol &t HYE UA AZFS A wnBM
At

3) W3tA HHo R

Bgatrlel 7Hg A dedstg ANBY FEHFS Y] Yatd A=
H FEFFS 10%, 14%, 17% 20%, 25%3 23 F #3537 Alge Axg
EA3%d HHo £EYFE dFNA

4) dYRYgoz A3y Yate A=

dARYos WYy YRS el HAG $EUFo2 Azxse B
Me F/AAEZ U¥o] oo ute Py 2de Audy YTe YU
F7iA e AzwEe HYse YA SEUFL WA 2Fstd Bshsislol
AP FEFBoz AP A} W0TAH A9, g @rhx gL
488 8 YN8 YAAZSA WY FRYFL AAHYOT T BEH
YAt WREZ D2 $Ro] 2 I F YL A FE AL BBY
5 Bajo] o)ttt HAY AzWPe B AZRADRE A5y o]
A 30CAA SEF NEY FEGFL 249 YYSERFL 2Hs=Y)
gad AxAL 4w

5) AARSFAZ _

RZAZL g & 2D FAFESGFS HHE HES 108, 302, 60
T ¢ 4G NEE A e Bt 4o YR E 2HsA wFAE
FAEE BA FRFAFANE ARt

6) Bdd AXTHYL o431 4F spiced ISt AzE 2de] BEAHA
A el e FdE ARFTAHE o183 o8 A spiceE: 2 H7}
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o] AEEALRAWHE o] 83td BFHALE AA A spiceFFE 7}H4,
stel, §327] Hsg, 1] 7%, Eavig, 983 8 44 Hrlsiog 2
de Az stele AFd F83e g o839 ugd NEFY
5% A7, sAe AT du=EE JHE AR ELHHE Az
o] Mg AuF 10%E Astete] Azsgc. 7] WEotag Fegte
F)A AN Az Bjdte L UEHA 9 spiced ol &3 ANEF9 3%E 4
Zt 3H7hst wigsigly, Envigte AdxAE Ear|ddstd AL
F Azxste] FTRHE Azstd AR Mg H H53d o)gagn, 2
FE e ATl BuiEe AUEE o843t ANEFY 5%E F7Eq #@F
AAtA o] &35 A HAMREASHLE 1299 @ oo oA JA, vt
AAYE AR, o, 8%, 7154 E RAER L, 4 8QE2 B3(Glight), B%
(moderate), 7}3H(extreme)0. 2 o] Ztzte] 1~3, 4~6 2831 7~99 A+&
FEE 3.

Y. AzAd B FAUsTY

1) Rosemary?] 713 AA

AgzA FFE A8t rosemary® HAF At HoME A} FrlsixA
R g APzAE FANGRE BAE) A%, WA rosemary ¥7+E
AR719E APAAE AAANUT. L YEY  rosemaryst EEYE
rosemaryE 4zt HIFFE(L71FFHY 0.04%, 179 AR AA wigFe
0.05%, 0.1%, 02%)E o] Z}Z H7lste] @FHA 8o 4% FA &
€ HSA 9 rosemary AR FE AAI}HT AFAANE 2L F Agg o
g2 @ NEE P FI 9& A Tohi: $Ho2 AYs rosemary P
d B 23 £E& dotRd A rosemaryE HIEA F& A(ART)
¢t 2z rosemary} 71 FE 2 2k AL o] F 10 AL vlasgd. o|Fd &
ZYAM A8t ZolE FEY FF7F 1003 A g @A ERxE
F& & Atk 4 AdBR=E 2FL(slight), B F(moderate), ¥-LS(much), ¢
B S(extreme)dl) 242} 1, 2, 3, 43 & Fo| & AEF AF & F3da o]

335



A€ AA %E AY £2 wrel £43 A UBE 2AE F 3R A
z e sue T4¥ ¢ UdNd ANede Adwg 2 :
Aegel £8 tE RS2 EASAG

2) AAR7FL 2de £

7h Mg &y

9o A¥AFH ZAAE rosemary /L F 02%E B2 A=A wigRAPFol

HArtste] Y2 dg AZFYY. rosemaryE 7MY 293 HolbeA] &L =
02 UYyol Azagn, AFAYL &7 9 std Multivac(A 300/16)& o] &

39 3719 FAE 47 9dB3F S FASH AU AZEAL 25CH

259 70%9 F=2 AFsT 19246 Y)TL 3292 A2 BAHA

1120
I

st

W) AR 29 dutgdE 2 B3y, njAER 54 A

AZaHFe] 2943 HZEME7] At HZA rosemaryE HIMR 293
A slA e 298 BAd o] &Eth AN ES BT 54 F A,
Aggd e go 1AdE AEF 5L FHe2 EMaHn, 38y B4
% FEEAH =T Novasina(TH-200) ©] &3t £33, HLAH @719 2
A(VBN)E &#R(1975)9] gl oA SRS, A EL  APHA(1985)9
Swab contact method& A3 ABAA PPES AFHAD. BHo| 10c
Q FHWE o|L3AUL. £F4E ANEY ImE Aerobic Count Petrifilm™
(Microbiology Products 3M Health Care;AOAC, 1995)o] EF3lo] 37CAlA 2¢
g & FE5E AFAADL, AFFL AEY 1Iwg HAF Petrifilm™
(Microbiology Products 3M Health Care;AOAC, 1995)0] ®F3lo] 37T A 2d
g ¥ 2S48 AFsA
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2 A72% % 23
7} Bs R JYAES] AZTH &9

) AR, P4, 2 179 s Azd PYsiade FAHAEY

Al 2o AAE ARFTAE o859 1A A= B3t & HA &%k
W A4 g FAE Yol Bgade Az BEARAG. YEY F¢
F37t &€FE dAY ZV|E YUt @ Aoln age dgE ¥E A=
PRHE7} & AL VEA) Table 35004 R vielgro] a3 Jae
g £ Yehd oy A& Hs 2 £ @A JYEd A& 1)
o] wigo] 71 L BAFLES Yegd Aoz YERT, AdYAME AL
o A% /Mg ¢ ez ol /MY uiAE RLeR YERL A: &3
Ao A& 2719 wige] 713 ¥e FATE Yedon. e ¥
A YebgoP <0.001). AHH oz HWad FAL 13T AN} L@
Anz HyY9Y AZXTAL ol4sdr ARAHEs v, JAYEHI} Ag 9
3R @ol 2ARE HHE, A Y 2T 1 YETL Hol AgHe
2 BAAY Rolug 1 JE%7 oA Aoz Budr.

Table 35. Density, shear force and color measurement of popping snack
manufactured in mixtures of chicken meat and starch, nonglutinous rice and

glutinous rice.

Starch Nonglutious rice Glutious rice

Density™" | 026 £003° |  0.14+0.01° 0.13£0.03°
Shear force **| 1216+5.07° |  17.2£355° 18.0+2.24°
L« | 64.25+2.77° 51.18+2.43° 50.67+1.34°

Color| a*™* | 385%0.35° 9.24+0.31° 8.36+0.82°
b™ | 1011035 | 1503%0.19° 14.29+0.27°

** . P <0.001

& b ¢ d Means+SD with different superscripts in the same row are significantly different
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2) BRges HYstd A9 Ad AxFa Ao ARE @ 1vl9
HEe] MigEe vHo HY £EFF

n7ist w@gste AL S HAHE FEFA wd dlRgoz AHYsw
Azre] AzxFe o7t A detded 53 FEFFo] AP AY FF
AEE 2T AU BFo] HA 3 o] wFe HEZ YANHA Y
H 4378 A FAEA Hel nr)e AR & wFsted o HAHE F
2ol }e ue Fos

Table 3604 R uipgo] Arltsle SR HY=E AR AzxFL
50%2 A% /M3 we ARFES e 0% FREANZY FLE o
AE UHEE HAT JALFA FEGF] BFad JAAZI] URAA B
A E4F0) B, S5S%TEANFS AAAYA AAAZRI e YAt
YA PR dexT gdA 9 718 JAEAY 43 Yol BE
A oldmg &Aool A ebthP <0.001).

Table 36. Comparison of yield of particle manufactured. with dough added several

moisture contents

40% 45% 50% 55%
Z'“}_a&“‘
(FNgFe 68.01% +0.26° {79.45+ 3.15°/93.11 +£2.64°| 61.28 +1.23°
ZNEe2 %)

** . P <0.001

= & % 4 MeanstSD with different superscripts in the same row are significantly different

3) #3 e A ddRgo2 HY3E YA JHFEGH

Bot& shedl glol BHRAE F2AT B3 o] $H: YUY $EY
F T3 F8¢0 Table 37004 RE ule}go] okzhe] =23+ oo o]
Mz oo me HBiiade Udxst A Hol7t EYE AE B 4 Q. &
3 17%9] FEF B¢ M & YHAAEE YD, dE FEEF
of ¥} dAY3}A B2 dRFE vehirt.



Table 37. Comparison of density of popping snack manufactured by various

moisture contents

10% 14% 17% 20% 25%

Density"**{0.11£0.01°| 0.12+005° | 0.29+0.03* | 0.17%0.03" | 0.14£0.10°

™ . P €0.001

® b ¢ 4 Means+SD with different superscripts in the same row are significantly different

4) Aste ANgo B3E A JA FEGFo Az 4 WY ¥
3)el FEAAM ZABE HARYo2 AYPste AAY B3] AT AR F
3% 17%2 X798 oo g X WHe F A2 Uy Z
Zte] A& AWE S Table 3804 RE& el o] gA AZXE PSR
TFF(1T%)E L2A EF3}Y FEHFE 2 $HAB)Y 3¢ U= ¥
A et g2 dAzA o BT 24 Jdehd Aoz BFHAGEP
€0.001). o] VZEAIE A9 AYJFETFE HAAse THA)Y B
t Be ¥Rt AFE dA HASFESFo] n2A EXEA R3] gE
o ols}zre AFI} YEbd Aoz dadrh

Table 38. Comparison of shear force and density of popping snack manufactured

by two doughing methods

Al) BU
Shear force 1790+ 3.04 1865%2.11
Density”™** 0.20+£0.04° 0.271+0.16*

" . P (0001
* b ¢ ¢ Means+SD with different superscripts in the same row are significantly different
DA dzAne =AY Y FEYFOR Az

B: ¢4z ¥ JAFEHFE EFse P
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5) MEAe) BE N2 BHHE W TEY

ARG :7)e] WEL RS Al w1 Fsade BHYEs} o
27 YehliEd Table 390149 go] AuE® Ux QA wFsE AW
o] Aojd42 Wiy 299 uAAYE FEE A Yehwz, BRYEE
A% S4aA GEgoh wd 2 AYd5 602 23A wEe $EEF] 0
28 AN 2o 23H Zudtd WFo] WARFOZ YA L st
Ego] BAasE Aoz yetl oo REFAIZFE 40~608 A= HE F
3¢ Aoz wuEd.

Table 39. Comparison of shear force and density of popping snack manufactured

by doughing times

108 308 60+
Shear force™ | 159+0.22° 126+0.28° 11.0£0.18°
" Density”™™* 0.20%0.01° 0.21+0.02° 0.27+0.07°

** . P <€0.001

b ¢ 4 Means+SD with different superscripts in the same row are significantly different

6) @l 7bx Spiced A7HA AZEY WA d BEPAAH

Table 40& B7A) spice¥ E2 AzY Bade YTEAEMAHE U
Hd RoZ AW 22Y wd AL Burigts A% s1sEg 5, wAATY,
A7 744 B4 won o ot @ oe Ao wd sHd BE Re=
ettt Borlgt 29e WEARA spice® AF AME e AT
= 29 spice® M7HEA @3, 280 W PYL s} o] UBKoE
AzETE Az ARH WPsd VIad AzY Ao BFLUEY
F9HQ Wrte] w=w Far] Re] chE AT wa da BA UEge
o, A% NF FEHE spice¥HE 2dF HEE e dEhiT ¥
gt 29 ggozt sdn Ade] 1 JEEs EA UEwm, At 29
T 04 5& 529 71558 Y %9 oil typed] B7] W&ot



78 ot 2de A$ whel AR} oetAl UehgE, ol B JEEE R
vebaeh

o

Table 40. Descriptive analysis with scaling” of popping snack added several

spices

s | s ii’; ii_"l gos% | 2B
aroma 5751158 450+1.60 [400%£151 {488+113 |575+2.25 |3.50+2.00
crispy 663+t2.13 [6838%*155 [550£220 |6.88+1.36 |7.38t1.19 |[6.25%2.12
taste”" 6251128 |575+1.28° (350+1.31% |4.38+1.06™ [7.75+£089" |{5.00% 1.31>
burnt 213+099 {2.13+064 [1.38*+052 [225+1.04 |225%128 |[2.00£0.93
acceptability™ 16.50% 1.07° [5.88+1.13 |3.75£1.04° [5.001.60° |8.00+0.76" |{5.25* 1.28°

. P €0.001

8 b & d Neans+SD with different superscripts in the same row are significantly different

l)Sensory scores were assessed on 10 point hedonic scale where l=extremely bad or slight
y

10=extremely good or much.
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Figure 22. Popping snacks adding several spices

Figre 2204 Hubsh 2ol stelntst shel%t Ade #7489 242l spices]
g WE AE B 4 9on, AN 299 BHYEE 124 duin,
q17] Tk WEHRLT D) 299 A4 HFAE BrhHA @42 A
2% 297 FAE A4S Gehgon ofd W BB % 29 ta Ty
AE7 Boh gA Vet

Y. 44zdel ve 398 73

D) ARAY F4E 5t A7hEE A Arosemaryd] H7HE A H

Table 412 A F4 43S Add H7/IE oil typee) rosemarye] H7p%S 2
Atz isted 2 ArbFol Heade BEAY SHo) FBe uNA Y=
WUl 2o Wrey] st} AHPAE ANsA 2 A} nolee
9 0.04%3 AIE Ag HEF 1) WF AAFY 0.1%E HIH A7
ol A% AT MR B ABo] uH & JEZEE Yrhygoen 4
WAEE e 2@ ue A U B RE Hilshx e gxFe u)
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ZA gtel ool ZA UBYR %e Roz BUNAW, 53 7% ol
type rosemaryd7}&o] ¥ AEH 7|9 vid AAFY 02%S HIE AR
o dERTE O AEZE ¥ 5X ggon, NEEY AT gt Rog
et Moz Ade JT2 gy xolrt AN @ R yehg
Tk Table 42& 2R eho} rosemarys) H7hFo) weld BEHA S4o) 9§
2 UAE e AWLINY Roz 1 Ay ARY 1Y HFE ANT
0.05%, 0.1% F7tg AES A 279 vlaA 1 JUPEY 30| &4
YErYAE @ston giZTo) Hl3 rosemary® H7He AE7F O BE JEE
& YeilEe Aoz #RHYT

Table 41. Triangle test of popping snacks added rosemary of oil type

Pair(¥ 71 %4) Degree of difference|Acceptibility
27V 0.04%-HET 2 1:0
A% 0.05%-HRT 1.67 1:2
AAFY 0.1%-d=F 1 3:0
AAFY 02%-N=TF 1 1:1

718 0.04%-AAF 0.05% 15 3:1
7)o 0.04%-AAH] 0.1% 15 2:0
7189 0.04%-AAF 0.2% 2 1:1
AAFe 0.05%-AAZF 0.1% 15 1:3
AAFe 0.05%-AMFS] 02% | 13 1:2
AAF 0.1%- A A F20.2% o1 0:2

* Significant difference at 5%
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Table 42. Triangle test of popping snacks added rosemary of power type

Pair(37134) Degree of difference|Acceptibility
27189 0.04%-)ZF 2 1:1
AR e 005%-t =T 15 2:0
AMFe 01%-=TF 1.67 2:1
AAFe] 02%- =T 1.67 1:2
o7V g e 0.04%- A A B 0.06% 1.33 1:2
2718 0.04%-HAF 0.1% 18 1:4
718k 0.04%-A A ZFe 0.2% 2 1:2
AAZF 0.05%-AAF] 0.1% 15 1:1
AAZF 0.05%-AAF] 0.2% 1.75 2:2
AA ] 0.1%- A A %0.2% 2.33 1:3

* Significant difference at 5%

2) ARz BE FAWHATY € AFATLE A Fdulgn 73

7H A Ageld 2o ARPE

4% rosemaryg H7lFg 2do] © ¥

9 Z

R E233y F489

AR FAL et AGAZRA rosemaryS H7tste] olo uld AHE A
ZbetA] @& 293 N EHHA. rosemaryF 7t F L ol B BEHA
o] A#E w2 02%2 AR} o} Table 435 rosemaryE H7FEA
3 ARG S 29 NGRS v ENT Z2FE e Aol £9
& FES UYEUAI, 29934 =3

TT TT=

YEFAA FAAA Zo]& RATHP 0.01)
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Table 43. A Proximate analysis of composition of popping snacks(%).

*%

Protein™ - Fat Moisture Ash Carbohydrate

C |20.31+0.36"|12.76+0.52% | 509+0.16 | 530£0.63 | 5653%1.18

R |21.56%0.07" | 1052+0.26° | 525+0.18 | 476+0.38 | 57.92+0.47

* * ° Means+SD with different superscript in the same column differ significantly.

™. P €0.01
C: Control, R: Adding 0.2% rosemary

Table 442 AZAYES 7] oW BP2del nPEsta, 23 - 83
8218 BANE AHE rosemary¥ /M AF FrlEA @& Aoz Uy HE
BEAG Aott. §42 ¢ rosemary® H7HE 2o AsbeA % AR
o 2e FEL vale)E YEIR T, AEHoNE rosemarys F7hstA] @&
ado)  ¥& £ vehiol 2370 % o wgd Aoz BusU.
VBN@E 24 g e d4)e gude] WY JEE YEiE ROE P (0014
FAAN foHo] xolg YT
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Table 44. A physicochemical and microbiological characteristic of popping snacks(0 day).

Color h w| T 1
Moisture shear wz.ate‘ar VBN “otal pl ite
(%) force | activity (mg%) counts
L | a | b |(kg/emd]| (%) (Log1:CFU/cm?)
X 1. 13.
5.09 6048 1.73 | 1380 23300 | 038 | 950 4.00
C +35| 04| 07 . R
+0.16 6 1 1 +8747 | £0.04 | £0.30 +0.00
R 5.25 5+614(1) 41-'(3)13 1212: 211.67 0.36 10.09 2.33
+0.18 ‘9‘ ‘0' - 4‘ +8752 | £0.01 |£000*| . *058°

* » © Means+SD with different superscript in the same column differ significantly.

" P <0.01
C: Control, R: Adding 0.2% rosemary

W) AZzde mE AZ44edn

A3 FFE H8te rosemaryE H e 23 FolaR 4L Ade ¥
212 AL 718 ol&sd 47 A XFE 39 F 4709 ANPFE o
ST, LAY HAFrzt B¢ AZAe nH2y, 2SNy 8AL
H BN Q ). ol fig. 232 rosemaryE& H7H3x ¢L Ade 7_‘5_]_),\_%33
A AR FNFIXF & A, rosemaryE HMY 23S AAFIEFY A
B FIFAEZT Aoz UHo AFIRES & NP7 sEHF] W
g A20A 1929 5% AT Aot AxHoz NA/EL ZE A

gl F7t FAE YU e, 96Y(P <0.01)S AYe U A7)z
¢ A FT 4 P 0.0015:20A 129 S8 Jelgdn AEZA
AN AMAetE 2de] FEFFLE 10%0]st2 B YoM E rosemaryE H 7}
St A2FIAXEZE 299 AL 1759 & 671 Lo FRE 10%0]4e 2%
FE e, rosemaryE FUEIA] @3 FI|Z2AEAI 2de] AL 192
Yol = 10%0]3te] +&& BF.
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Moisture(%)
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Figure 23. Moisture of popping snacks during storage at room temperature

Table 45 AL A AF70E¢ B2 SREHE ARE BAHE A
o2 FEHFY v Yoz ANH oz APNAEL 5/ FHME 24A
2, AA71z0E 2 AP} 22 FAQ FHo)& AP <0.001), v
A7MANE 74 JAPTE 2 AZYF BAME EF 25 FAHQY Holg Y
EFQITHP €0.001). Rosemary® ¥7H3tx; /12 AERT Baade 34 A
Z R2AANE M B FERAE £F& JeEhid oy AR 3F 19294
de 713 B2 +£F& Yehidd. dAMH o2 rosemaryE H7ME 24L& F
N AF A2FIAE A BEF dAHZ @& £F& Yl
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Table

45.

Water

temperature

activity

of popping

snacks during

storage

at

days
treats

32‘n.

64”.

%t.c

128“‘

160”.

192“.

AC“.

#0.42£0.01°

“0.43£001°

%0.42+0.01°

#0.44£001°

“0.47£0.00°

“0.54£0.00°

AR“'

0.34+0.01°

°0.48+0.04°

%0.42+0.01°

“0.39+0.01°

%050+0.01°

A0.60+0.01°

NC“.

"0.37+£0.04°

“0.43+0.01°

#0.46+0.01™

#0.49+0.01°

50.49+0.01°

®056+0.01°

NR“.

%0.43+0.01°

A05220,01°

*0.41£0.01°

“0.40+0.01"

“0.47+0.00°

#059%0.01°

Table 46

a3e

3

sdg

A 6

N —=

2 upapubabgto)

(<]
w

RnoZ

=
=3

WRem olE s 2 AP wud Ao e,

AN Agste zr AFYY ALY L AN
Ued Aoz AZYd Z ATrig dIFer Frlste FA4E
E . RosemaryE H7tE Haide R 7hd @e £&EE Ui on
ol el € duw
rosemary€ 718t ¥3 F7)1FAF R ARVILE MR

B A 2,

o A=
oy ‘I"'Lf'g._

Table 46. Shear force of popping snacks during storage at room temperature

dys| 4 64 % 128 160 192

treat

ac | 253 | 26533 | 20233 | 35767 | 30633 | 34000
+4576 | +1266 | +2542 | 7651 | +7583 | +116.43

Ap | 16933 | 19100 | 27200 | 25267 | 25933 | 269.00
+4274 | *£2082 | +7566 | £56.04 | £7951 | 11377

e | 16867 | 26467 | 29400 | 27833 | 34233 | 29233
+4020 | +4801 | £11758 | +107.20 | +2639 | +50.14

g | 183 | 1m37 | 20700 | 13767 | 22233 | 2933
+2730 | +49.12 | £10508 | +8164 | +3288 | +5886
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Table 47 AF710E¢ Baxde] FA54E BAT 242 A 329¢
Astaes A9 LAHA FAiL, 53] rosemaryE HIMSHA ki, F7)1FA
EZE ¢ A2 B ARV REFEAA UgUA g ole w1
AEo] AAsted HdEstes dUEH ALy T LR FE §Fol
ol vl g JRzAd FARR O F7F A UEYA &L Aez @
dHoAH 19299 AR7IHEL vAEe] 299 FHadd vd £ Qe
GFgFe AA BA A HA de oz q4dd.

Table 47. Total plate count of popping snacks during storage at room temperature

days

32 64 96 128 160 192
treats :

AC 0+0 00 00 | 0£0.00 | 0+0.00 | 0+0.00

AR |1.33%£231] 0*0 |(0.33*058] 0*0 00 [067%115

NC [1.23%577 0*0 00 |067%1.15 0%0 00

NR |067£1.15 0x0 0x0 0x0 0£0 00

Fig. 245 A#R7)7t5< BAde] PENEE Yeld Aol Az
RS HYTusE 3¢ Yoy AVAES 4 HPTd &
& ¢l xFo]E YePWTHP <0.05).31}9) A7t AF7NE¢ 239 =}
A& debd A& BE A 77t 22 H3xy S 2 Y2 x, PYA
Bl ARGy FEY WHE FrIZAY Aolst e gL ulA
Aoz #AdErh F7EAEY F rosemaryE HIME 29 ¢ 96Ul F
F79 Ael7b 74 A JEbstth. Fig 252 AR7I0EA Bsiade A4
9 ¥gtg BAY Aot} rosemaryE 713k €& AR AS FNF
AxZH A233F I3 BF Az Agyd=rt 2 A Jdewen, AFz7)
e AELW)ANMS vlsd Agoz RE APt s £F2 HUEE
Yeti et rosemaryE H7PSstn FASFIERZE & ARE AYFE UvXA
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NEEES 6497HA F7tettrt 1289744 Faste FAE Yehl

Fig 262 AZ71¢ §< H32de ZHHPEE Yeld ez Lt 19
viastd AL 2 JES @¥e AFdME ZAES #A dERed
H2 927t ¥ AFdA e Z2ARs ¥ A YdeERn. o HE7 ¥es
AFE AE & RLZ ol BAEI FA YeYE Aol old JF¥
nXe Aoz ddEd. AT Wit HEe AN vE AR
HEt Azt A=st FA Jebyt
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32 64 % 128 160 192

Days
| ——AC ---®--AR -—=--NC --%--AR

Figure 24. L' value of popping snacks during storage at room

temperature
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Fig. 26.
temperature

32 64 9% 128 160 192
Days
—e—AC --®--AR  —-o-~NC —--%--NR
a  value of popping snacks during storage at room
k] 64 9% 128 160 192
Days
—e—AC ---#--AR --o--NC —-x--NRJ
value of popping snacks during storage at room
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Fig 27% AR7I1E<te] Bsi2de VBNY ®sE ved Aot X%
71 B 9A L ofuAT 1 9o & JX FlE ALE Bt 5
td ol ©¥AY i wWE . ofuxitd FEetol=o Frle] A
FHuby 47)e] AA7 Z715c) of 9t oy} adenosyl monophosphate(AMP)
o] 3ol & gRYole] HAF nucleotided] F7tel] HME FFE T
t}. Fig. 2304 B upelzlo] Msixde] A FEo §Fo] Youmz @Y
Ao st EEr w2 A JPHA Forg AFrIFEF VBN WHg =&
A dehdA gteyd MAE Fitste JHE vehidt 4 A3y
A FolE nx9 FAFHQ Ao]& YEFHJATHP <0.001). 53] rosemaryE
H7bstn A4 W EZFF 292 AF7IES VBN F7HHEHIL & A
g el vty thax ¥4 JdeEwteyd, AUHer AYH O S A U
EbA] &gk

8 &

VBN{mg%)
@

-
[=]

[= 2 )

32 64 96 128 160 192
Days

——AC ---®--AR =--5--NC —»—NR

Figure 27. VBN of popping snacks during storage at room temperature
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A EPPETS AA2FAER B Zo] APz we FAEE £ 2
Aol & UERA gkth. ol ABH/ARY Fe FEFZo] BA TR} I
2 AR7INES FA49 WU A3 4 z2A¥E 2 Aolflol JYE A
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