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Abstract

This study was carried out to investigate the possibility for utilization of waste materials and the
characteristics of pork by feeding citrus byproducts. The groups consisted of the pork without citrus byproduct
(TB-0) and the pork fed with 6% and 10% citrus byproduct during growing and fattening period (TB-1).
The contents of moisture, crude protein, crude fat, crude ash, vitamin B; and By, total amino acids, and calorie
were not significantly different between TB-0 and TB-1 (p>0.05). The contents of cholesterol and the
magnesium of TB-1 were lower than those of TB-0. Palmitic acid was the most abundant among saturated
fatty acids while oleic acid was the most abundant among unsaturated fatty acids in both groups. In case
of sensory score, the color and aroma of raw meat and taste, texture, juiciness and palatability of boiled meat
were not influenced by feeding of citrus byproduct. But the flavor preference of boiled meat of TB-1 was
higher than that of TB-0.
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Table 1. Diet ingredients and chemical composition

Diet

Ttems Control Growing Fattening
Ingredient (g/kg as fed)
Dried citrus pulp 60 100
Com 600 550 540
Soybean cake 180 180 130
Commercial contrate 210 200 220
Premix 10 10 10
Chemical composition
-Crude protein (%) 16.2 16.2 14.1
Crude fat (%) 5.8 5.1 4.0
Crude fiber (%) 4.3 5.0 5.3
Calcium (%) 09 038 0.7
Phosphorus (%) 0.6 © 04 0.4
Calorie (kcal/kg) 3,480 3,310 3,205
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Table 2. Chemical composition, calorie and cholesterol con-
tent of crossbred pork fed with citrus byproducts

Traits TB-0" TB-1?
Moisture (%) 73.0+04% 725+1.1
Crude protein (%) 21.1£0.7 20.1+06
Crude fat (%) 48+1.8 54+1.2
Crude ash (%) 1.2+0.1 1.1£0.1
Calorie (kcal) 1,622+95 1,770 =98
Cholesterol (mg/100 g) 489+1.9% 415+04°

UPork not fed with citrus byproduct during fishing period.

IPork fed with 6% and 10% citrus byproduct during growing
and fattening period, respectively.

IMean+SD.

YValues with different superscripts in the same row are sig-
nificantly different at p<0.05.
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Table 3. Major mineral, vitamin B, and B; contents of crossbred
pork fed with citrus byproducts

Traits TB-0" TB-1?
Calcium (ppm) 145+41° 114£12
Magnesium (ppm) 192 4% 161 +14°
Phosphate (ppm) 1,825+97 1,692£87
Kalium (ppm) 22121120 2,032+144
Natrium (ppm) 460+85 378+15
Vitamin B: (mg/100 g) 0.060+0.006 0.070+=0.008
Vitamin Bz (mg/100 g) 0.008 +0.002 0.012=0.009

"9The same as in Table 2.
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Table 4. Amino acid composition of crossbred pork fed

Table 5. Free amino acid contents of crossbred pork fed

with citrus byproducts (%) with citrus byproducts (mg/100 g)
Amino acids TB-0Y TB-1? Free amino acids TB-0" TB-1?
Aspatic acid 1.93+0.13” 1.77£0.08 Phosposerine 1.72+0.29% 1.42+031
Threonine 0.90x0.07 0.80%0.03 Taurine 1991£3.64 20.97+7.81
Serine 0.78+0.04* 0.70+0.02° L-Threonine 4.04*1.14 4.17+0.33
Glutamic acid 318x0.21° 3.89+0.10° L-Serine 377176 3.77+0.33
Proline 0.76£0.04 0.70£0.07 Asparagine 32.24+6.88 30.617.56
Glycine 0.99+0.03 0.97x0.04 L-Glutamic acid 13.15+2.13 14.96+2.58
Alanine 1.32+0.10 1.22+0.04 L-a-Aminoadipic acid 410041 472+1.01
Valine 0.95+0.07 0.85+0.03 L-Glycine 6.191.17 6.43=0.70
Isoleucine 0.95+0.07 0.85£0.02 L-Alanine 11.22+467 1474+1.71
Leucine 1.64+0.11 1.47+0.05 L-Valine 3.90£1.49 411%0.14
Tyrosine 0.68+0.04 0.65*+0.06 L-Isoleucine 3.01+1.23 2.73+0.24
Phenylalanine 0.6120.03° 0.71 £0.04° L-Leucine 6.97x=2.20 6.70+0.32
Histidine 0.90+0.09* 0.76+0.04° L-Tyrosine 2.85+0.83 2394013
Lysine 1.76+0.12 1.59+0.04 L-Phenylalanine 461*1.79 5.33=0.56
Arginine 1.27+0.10 1.18£0.02 B-Alanine 211+0.15 2.25%0.19
Cysteine 0.24+0.07 0.23+0.04 L-Lysine 3.40+3.62 234059
Methionine 0.4510.04* 0.3510.02° L-Histidine 1.58+1.38 0.53+0.08

9 - Arginine 132*1.16 1.08+0.29
The same as in Table 2.

Total 470.44 £45.79 479.45+21.14
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Table 6. Fatty acid composition of crossbred pork fed with citrus byproducts (%)
Fatty acids TB-0" TB-1?
Capric acid (Cio0) 0.124+0.013"* 0.091 +0.010°
Undecanoic acid (Cio) 0.016 0.004" 0.006 +0.001°
Lauric acid (Ci20) 0.096 +0.008 0.085=£0.007
Myristic acid (Ciao) 1.551£0.078 1.511+0.126
Myristoleic acid (Cia1) 0.017£0.010 0.008 £0.003
Pentadecanoic acid (Ciso) 0.038 £ 0.009 0.039+0.007
cis—10-Pentadecenoic acid (Cisi1) 0.003x0.003 0.005+0.003
Palmitic acid (Cig0) 24.493£0.613 24871 =0.584
Palmitoleic acid (Cig1) 3.787+0.419° 2.439+0.105°
Magaric acid (Cizo) 0.187+0.015 0.252+0.009°
Magaroleic acid (Ciz.1) 0.203+0.044 0.205=0.007
Stearic acid (Ciso) 11.391 +1.568 13.002+0.620
Oleic acid (Cisi) 43.617+0.916 43.182+1.185
Linoleic acid (Cigz) 10.408 £ 2.362 10.82310.206
7 ~Linolnic acid (Cigsns9,12:) 0.153+0.176 0.029+0.004
Linolnic acid (Cigang;2,16¢) 0.602+0.408 0.533+0.018
Arachidic acid (Cao) 0.155=0.006 0.160+0.020
Eicosenoic acid (Cao1) 0.783+0.060° 0.950+0.087°
Eicosadienoic acid (Caoz) 0.425+0.043 0.561+0.057
cis—11,14,17-Eicosatrienoic acid (Caps) 0.291+0.071° 0.172+0.018
Arachidonic acid (Czo4) 0.083+0.013° 0.105£0.010°
Eicosapentaenoic acid (Caps) 0.007+0.012 trace
Heneicosanoic acid (Coi) 0.853 +0.495 0.608 +0.066
Behenic acid (Cozo) trace 0.004+0.003
Erucic acid (Cox1) 0.11710.144 0.038£0.025
cis—13,16-Docosadienoic acid (Caz2) 0.098+0.116 0.015+0.006
Docosahexaenoic acid (Cazens) 0.135*£0.112 0.059+0.014
Tricosanoic acid (Caso) 0.248+0.026 0.145+0.043
Lignoceric acid (Cas) 0.116£0.046 0.105+£0.012

" The same as in Table 2.

Table 7. Sensory traits of crossbred pork fed with citrus
byproducts

Sensory traits TB-0V TB-1?
Raw meat | COlT 456+0.62" 467+0.11
Aroma 4.71+0.06 493+£0.28
Taste 4.44+0.49 4.48+0.51
Flavor 444+020"  478+0.40°
Cooked meat Texture 419+055 4411053
Juiciness 452+0.74 4.2610.72
Palatability 4.48+0.55 452+0.36
"IThe same as in Table 2.
2l Ao Mgl sgaAwe] AAe 7|Ee 2 v wEt

o, g nET SEA WA 7|9} v ws)o]
e, A-5-9 A2t 37]= TB-0 2 TB-1 Ale]d
o8k Aoz} gl A §9] A= = 243 vhEA
g AAHQ 71342 TB-02 TB-1 Alolof 42138 Apolrt
Rolck et 71§ F019] A4S TB-0x vl TB-1& -+
Al sl tHp<0.05). 7FA88] 713 Ao deke 1|
£ 8812 o8 7Aoo, whe felotul ik, HE =,
ohul, vl g} {714k, st 5o v]FEA sgtEEe) L,
FYE frElobrleal, At e =, IMP 59 E3E
7hd el oj3te] HAE =Y ol 2EE 3
pzd

1

0,

A, v g7)ell 109 Foidt =59 2
B2 AT EHR Ui, e £
A E 71842 Boldh Afol7t gloiM B
olg3le] 7| FE& oA 7oA 59 At T
g ow H#slel

% fu o

°
=
N

N

o, Ho o

£ odFte AFEelA
ol Al Fedste] #7]E2]
of AAstgde}. A= At
TB-0) 2 &4 71l 6%
ZAS(TB-1)& o=
AALE A AT 5,
& 8% Alelof Aozt it Fall~
(41.5 mg/100 g)°o] TB-0(48.9 mg/100 g)xt} H-2| &4 2
gk}, 27)A FoA Mg TB-0(192 ppm)7+ TB-1(161
pom) R} frelshAl Egkow, vledl By ¥ Brw ARE A
ool xto)7F #laict. Folv il eE-2 TB-0 ¥ TB-19]

2 &
oo N,
How

NH
ol ¥
>

o X
I

N‘E —H El_] O[ﬂ ﬂﬂo F“TO

do

I
o off o Ho o

ox e
o

2]

e
r_|>:‘
i
tlo
ol
2
o,
X
52
flo

—

&

Y

=,
B e
S

ot ol
He

2
—
2
& X

o

g o
A
N
)
ol

N
Q
¥
o e
L
BN
N,
oz
o 2o«

£

i

o
lo

,_q
|

L



902 FoF - A - kY] -

Zy7Zy 1951 ¥ 18.65%°| 3, E-fEolr| it geke bzt
469.44 2 479.45 mg/100 g &2 A 2] F7 el §-213F z}o] 7}
Rt E3A| AL palmitic acid?} 7P w9ky, B235)
A2 oleic acidZb 748 @it S5 7l g0 w2
Az 54 2 AAAQ 73X A7 BAE Folo 9
gk Fae Jglen, Enle TB-10] TB-0R -} $-9 314
=9trh.

H

= ©

1. Moon YH. 2004. Physicochemical properties and palatability
of loin from crossbred Jeju black pig. Korean J Food Sci
Ani Resour 24: 238-245.

2. Yang S]J, Kim YK, Hyon JS, Moon YH, Jung IC. 2005.
Amino acid contents and meat quality properties on the loin
from crossbred black and crossbred pigs reared in Jejudo.
Korean ] Food Sci Ani Resour 25: 7-12.

3. Caristi C, Bellocco E, Gargiulli C, Toscano G, Leuzzi U.
2006. Flavone—di-C-glycosides in citrus juices from south-
ern Italy. Food Chem 95: 431-437.

4. Vanamala ], Reddivari L, Yoo KS, Pike LM, Patil BS. 2006.
Variation in the content of bioactive flavonoids in different
brands of orange and grapefruit juices. J Food Composition
and Analysis 19: 157-166.

5. Mouly PP, Gaydou EM, Auffray A. 1998. Simultaneous
separation of flavanone glycosides and polymethoxylated
flavones in citrus juices using liquid chromatography. J
Chromatography 800: 171-179.

6. Yu J, Wang L, Walzem RL, Miller EG, Pike LM, Patil BS.
2005. Antioxidant activity of citrus limonoids, flavonoids
and coumarins. J Agric Food Chem 53: 2009-2014.

7. Robak J, Gryglewski R]. 1988. Flavonoids are scavengers
of superoxide anions. Biochem Pharmacol 37: 837-841.

8. Kuo SM. 1996. Antiproliferative potency of structurally dis—
tinct dietary flavonoids on human colon cancer cells. Cancer
Letters 110: 41-48.

9. Hagiwara S, Iki S, Urabe A, Saeki K, Miwa A, Togawa
A, Ozawa K, Takaku F, Yuo A. 1998. Tyrosin phosphor-
ylation of proteins in primary human myeloid leukemia cells
stimulated by cytokines: analysis of the frequency of phos—
phorylation, and partial identification and semi-quantifica-
tion of signaling molecules. Int J Hematol 63: 387-401.

10. Guengerich FP, Kim DM. 1990. In vitro inhibition of dihy-
dropyridine oxidation and aflatoxin Bl activation in human
liver microsomes by naringenin and other flavonoids.
Carcinogenesis 11: 2275-2279.

11. Francis AR, Shetty TK, Bhattacharya RK. 1989. Modulat-
ing effect of plant flavonoids on the mutagenecity of
N-methyl-N-nitro-N-nitrosoguanidine. Carcinogenesis 10
1953-1955.

12. Burdurlu HS, Koca N, Karadeniz F. 2006. Degradation of
vitamin C in citrus juice concentrates during storage. J
Food Eng 74: 211-216.

13. Berry RE, Shaw PE, Tatum JH, Wilson III CW. 1983. Citrus
oil flavor and composition studies. Food Technol 37: 83-91.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

. Kim YS, Shin DH. 2003. Researches on the volatile anti-
microbial compounds from edible plants and their food
application. Korean J Food Sci Technol 35: 159-165.
Anagnostoppoulou  MA, Kefalas P, Papageorgiou VP,
Assimopoulou AN, Boskou D. 2006. Radical scavenging ac-
tivity of various extracts and fractions of sweet orange peel
(Citrus sinensis). Food Chem 94: 19-25.

Peschel W, Sanchez-Ranbaneda F, Diekmann W, Plescher
A, Gartzia I, Jimenez D, Lamuela-Raventos R, Buxaderas
S, Codina C. 2006. An industrial approach in the search of
natural antioxidants from vegetable and fruit wastes. Food
Chem 97: 137-150.

Korean Food & Drug Administration. 2002. Food Code.
Munyoungsa, Seoul. p 212-251.

AOAC. 1997. Official Methods of Analysis. 17th ed. Asso-
ciation of official analytical chemists, Washington, DC. p
5-37.

Lee CH, Shim SC, Park H, Han KW. 1980. Distribution and
relation of mineral nutrients in various parts of Korea gin—
seng (Panax ginseng C.A. Meyer). Korean J Ginseng Sci
4: 55-64.

Nam JH, Song HI, Park CK, Park SH, Kim DW, Moon YH,
Jung IC. 2002. Effects of ultrasonic treatment time on the
quality and palatability of fried chicken meat. Korean J
Food Sci Ani Resour 22: 115-121.

Lee HJ, Yoo BS, Byun SY. 2000. Differences in phenolic
acids between Korean ginsengs and mountain ginsengs.
Korean J Biotechnol Bioeng 15. 323-328.

Folch J, Lees M, Sloane-Stanley GH. 1957. A simple meth—
od for the isolation and purification of total lipids from ani-
mal tissues. J Biol Chem 226: 497-507.

Stone H, Didel ZL. 1985. Sensory evaluation practices.
Academic press Inc., New York, USA. p 45:

SAS. 1988. SAS/STAT User’s Guide. Release 6.03 ed. SAS
Institute, Inc., Cary, NC, USA.

Gabor M, Antal A, Liptak K, Zotan OT, Gyori I, Benko S.
1970. Capillary resistance in the skin of rats fed fla-
vone—free and atherogenic diets, and their response to hes—
peridin—-methylchalcone. Acta-Physiol Acad Sci Hung 38:
71-75.

Kim HJ, Bae KH, Lee HJ, Eun JB, Kim MK. 1999. Effect
of hesperidin extracted from tangerine peel on lipid metabo-
lism and antioxidative capacity in rats. Korean J Nutr 32:
137-149.

Yang SJ, Song JY, Yang TI, Jung IC, Park KS, Moon YH.
2005. Effect of feeding of unshiu orange byproducts on nu-
tritional composition and palatability of crossbred pork loin.
J Korean Soc Food Sci Nutr 34: 1593-1598.

Jung IC, Moon YH. 2005. Effects of quality characteristics
of pork loin fed with wild grape (Vitis amurensis Ruprecht)
wine by-product. Korean J Food Sci Ani Resour 25:
168-174.

Cambero MI, Seuss I, Honikel KO. 1992. Flavor compounds
of beef broth as affected by cooking temperature. J Food
Sei 57: 1285-1290.

Berry BW. 1994. Fat level, high temperature cooking and
degree of doneness affect sensory, chemical and physical
properties of beef patties. J Food Sci 59: 10-14.

(200613 59 8 A< 2006 849 49 A=)



