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Summary

Studies on the Utilization of Citrus Byproducts as Livestock Feeds

Yang Seung-ju

With the increase demand for animal products it is imperative that local resources of
livestock feed should be investigated. Citrus canning is one of the main industries on Cheju
Island and massive quantities of citrus waste are available. So to utilise this waste experiments
on the effect of feeding citrus by-products on livestock productivity were carried out.

The studies fall into three phases:

1. Preliminary studies to evaluate the feasibility of utilizing by-products as livestock feed
Laboratory level studies included chemical analysis. silage making methods and quality
evaluation.

2. Feeding trials using broiler. lavers and swine were conducted to find the optimum
substitution levels of dried citrus waste which could be incoporated in rations. Citrus waste
silage was also fed to milking cows to determine its effect on milk vield.

3. Metabolism studies were carried out on sheep to examine rumen parameters ana digestibility
of citrus waste silage.

Results may be summarised as follows:

1) Components of citrus canning waste

A. Chemical components

The citrus canning waste was divided into Peel. Segment. Juice pulp and a mixture of
the three. The moisture content of citrus waste was highest (92.1%) in juice pulp. 84.8%
in segment and lowest (81.25%) in peel. This high moisture content made transportation and
storage of citrus waste difficult. The crude protein was highest in peel (9.86%) and lowest
in segment (7.2%). Crude fiber was highest in segment while NFE was highest in peel.
ADF, lignin and cellulose were lowest in peel and highest in juice pulp. Hemic-
ellulose content of peel was higher than any other part of citrus waste. Pectin was higher
in peel than in segment or juice pulp. The total soluble carbohydrate was greatest in
juice pulp and smallest in peel.

B. Vitamins, Minerals and Amino acids

Citrus waste contains high level of Ca. low levels of P and traces of Mg. Mn. K, Na,
Zn, Fe and 1. When compared with grain and brans the content of Ca was remark-
ably high. P low and trace elements similar. Peel showed a higher content of carotene
than grain or brans. Amino acids in citrus waste were low in quality and guantity

Based on these results it was estimated that citrus waste has a higher energv content and



can be the main supply of Ca and carotene It is suggested that dried citrus waste
can be substituted for grain or brans in rations.

2) Silage making and quality evaluation
A Quality of citrus waste silage at different stages of fermentation.

Silages were made from citrus peel, segment. juice pulp and canning residue mixture.
Chemical composition. pH. organic acid and digestibility were evaluated according to stage
if fermentation. The moisture was highest in juice pulp silage (93.23%). Composition of
silage varied depending upon components of raw citrus residue NFE decreased while
NDF and crude fiber increased. The variation was greatest in mixture silage. NFE decreased
with fermentation and crude fiber increased. The pH was low(3.4—4.3) during fermentation
due to the high citric acid content. Peel and mixture silage had the lowest pH. Higher
organic acid content was observed in peel and mixture silage reflecting good fermentatin.
However juice pulp and segment silage plus lime demonstrated poor fermentation. Citrus
waste silage fermentation terminated 40 days after ensiling. Digestibility was highest in

peel and mixture silage and lowest in pulp silage. No improvement in silage degestibility
was noted 40 days after ensiling.

B. Quality of silage with controlled moisture and additives

Pre-wilting and addition of urea, and barley straw treated with NaOH to silages were
evaluated. Sun-drying citrus waste reduced moisture by 6—10%, and addition of barley
straw lowered the moisture content by 4—8%. but the addition of urea had no effect on
moisture reduction. The addition of barley straw greately increassed crude fiber content.
NFE was significantly decreased by an addition of urea puls barley straw when compared
with raw citrus byproducts. Percentage pectin and carotine were reduced by ensiling
citrus byproducts especially peel. Prior to the ensiling of citrus waste pre-wilting had no
great effect on pH and organic acid content, Improvement in quality of silage was clearly
seen in the pulp silage mixture. pH and organic acid content increased with addition of
urea while content of lactic acid and L.A./T A. decreased. Thus silage quality was red-
uced. Pre-wilting had no great effect on digestibility of silage and little effect on
mixture pulp silage. Digestibility was increased by urea addition. The addition of ba-
rley straw significantly decreased silage digestibility.

3) Experiments on use of citrus byproducts as livestock feeds.

A. The feeding value of dried citrus byproducts fed to broiler chicks

Dried citrus peel and pulp were fed to broiler chicks at substitution levels of 5% and
10%. Average weight gain at 6 weeks of age was control; 1,835g, 5% dried peel(T));
1.795g. 10% dried peel(T2). 1.709g and 10% mixture(peel and pulp)(Ts); 1,614g. Feed
intake was greatest in control and lowest in T3 and feed conversion rate was in the order
of To) T1> T Ts. Both weight gain and conversion rate were reduced according to level of
citrus waste added. Utilization of nutrients varied between different components, with the
lowest value 1n crude fiber and highest in NFE. Digestibility of crude protein was
superior in control and decreased according to level of citrus waste added. A maximum
substitution level of 10% dried citrus peel can be incorporated in broiler rations and best



results were obtained with 5%. Feed intake, conversion rate and weight gain were a-
ffected by 10% substituion level of peel and pulp mixture(T3).

B. The feeding value of dried citrus byproducts fed to layers.

To assess the feasibility of introducing dried citrus waste to layers rations an
experiment was conducted using 150 Warren layers. A substitution level »f 15% dried citrus
waste decreased egg production significantly but other levels were similar to control. Egg
weight decreased in proportion to increasing substitution levels. Apart from T3 (15%)
there were no significant differences in daily feed intake and feed efficiency between
treatments. Density of egg volk colour increased in proportion to rising substitution levels.
There was a positive effect on egg shell thickness when layers received dried citrus waste
i the ration. However egg yolk weight decreased when dried citrus waste was added to
the ration. The optimum substitution level of dried citrus waste in layers ration was 10%.

C. The feeding value of dried citrus peel fed to growing-fattening pigs.

Twenty-four weaners (average weight 30kg) were fed for 73 days on a ration ‘which
included 0%. 5%, 10% and 15% dried citrus peel. Daily body weight gain was To:
0.804kg. T,: 0.859%g. T.: 0.874kg. Ty: 0.794kg and daily feed intake was Ty: 2.64kg.
Ti. 285kg. T,: 293kg and T;: 2.74kg. The feed intake increased up to the 10%
substitution level but decreased at the 15% level. This tendency was more pronounced
during the fattening than growing period. The increase in dried peel substitution levels
reduces backfat thickness: increases carcass length: and widens loin area and generally
improves carcass quality. Utilization of DM and NFE was highest in the 10% dried peel
substitution level and protein was highest in the 5% substitution level. With increasing
substitution levels the digestibility of crude fiber improved. From the data collected on
body weight, feed intake. digestibility and carcass quality it is recommended that 10%
dried citrus peel substitution is the optimum level. However under certain conditions it
might be possible to increase the substitution level up to 15%.

D. The feeding value of different types of citrus waste silage fed to milking cows.

Citrus waste silage. urea added silage and urea puls wheat bran silage were fed to eight
milking cows for 140 days. Control cows were grazed and fed silage free rations. Two
cows in each treatment were allowed to graze for 4 hours daily. fed dairy concentrate
according to milk yield and offered 10kg of one kind of citrus waste silage. Cows in late
lactation gave higher body weight gains than those in early lactation. Intake of citrus
waste was higher in urea added silage (T;) and urea puls wheat bran silage (T3) than in
control where cows were fed citrus waste silage without additions. It was noted that the
cows in T, and T; gave higher milk yields and that peak periods were extented. The
butterfat percentage increased slightly when cows were fed citrus waste silage with
addition of urea and wheat brans. It was observed that the palatability of citrus waste
silage was excellent and gave rise to increased milk production and improved milk
quality.

4) Metabolism studies of ruminants fed citrus waste silage.

The effect of citrus waste silage on V.F.As rumen pH. nitrogen retention, water balance
and digestibility was investigated using three rumen fistulated sheep. Silage intake was
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greater with pre-wilted mixture silage than with non pre-wilted silage. DM digestibility was
highest in citrus waste mixture silage. Water intake and urinary output increased in proportion
to amount of silage consumed. Urinary output and water intake quantities rose when peel
silage was fed. Feeding citrus waste silage causes rument pH to drop rapidly and total
V.F.As. production to increase. V.F.As production peaked at 4 hours after feeding. Indi-
vidual V.F A« indicated higher acetic acid proportion in hay {fed sheep but the proportionof
propionic and butyric acid increased when animals were fed citrus waste silage. Positive
nitrogen retention occured when sheep were fed citrus waste silage but this retention was less
than with hay fed sheep.

Conclusion

Results of feeding trials and experiments carried out indicate that citrus waste products
provide valuable locally available feed resources. When dried citrus waste can be substituted
for grain or bran in the ration. It was found that 15% of dried citrus waste could be
incorporated in poultry and pig rations resulting in a considerable reduction of imported feed
grain. Although transportation and storage of wet citrus waste presents difficulties 1t 1s
nevertheless a valuable supplementary food. particularly for dairy farmers when feed is scarce.

Further studies should be attempted on the possible enhancement of its feed value by use
of additives. chemical treatment and storage as massive of quantities of citrus waste
are available.
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Fig.1. Origin and inter-relationships of citrus byproducts (by R. Hendrickson, 1965).
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Fig.2. Flow and material balance sheet for the proceeding of citrus residues
into dried pulp and molasses (by R. Hendrickson, 1965).
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¢] SEitRe Rfgd =tel 2R/ Ao Hif
35%, lemon 30%, orange 29%°| } BN EHS
25% 24 fib BEEcE ERIR) AL FHow
obedx orl. ERHSES Mgk 2 %7
Bov HEEES @AY MEE-Y lemono] 3
BaRS EHel & Aoz @mEslw vt
(Kefforde} Chandler, 1970 Nagy%, 1977].
B, Bt 9 caroteneZ B HEIMEC RME, +
A 2 b o] R =} ZelAe TR
g A B BER A ahRs B
o g Emmsl= Ao oredx 9 cHKefford
9} Chandler, 1970: Nagv%, 1977).

Orange. grapefruit % tangerine®| %52
Kirke} Davis(1954) %4 Hendricksonzl Kester-
son(1965) Fo| ksl #r, #E =Adx EAE
2 grapefruit, NFE= tangerineo|, Hl#&# & &
2 lemone] ¥& oz ey glos jnILg)
EW - Mol Ra kel &kl EAsIctn
shod ok

Meade} Guilbert(1926)7} #4% orange¥fo] —
BRRT S8 @3 LUK, %2 HE S
el orange, grapefruit, lemon®| i T EIZEY ik
ol #4%& =9 o= (Reaganz} Mead, 1927;
Tarassuke} Roadhouse, 1951; AmmermanZ,
1966 ; Chapman%, 1971), ERH» HEHSE
o] Y NFE&&o| wof oAl KEMEZA
ER=El o] gkch. 12y fresh citrus pulps k4
a&ol wWol(78~97%), &iZ Kkl A4
RAEE7L ol 2S¢ #5483t 9 c}(Hendricksonz}
Kesterson, 1965; Kirke} Davis, 1954).

Dried cftrus pulpe] HEMHE EWEES
EESEA oz} %EI-ZI”J}(‘—\mmerman% 1963 :
Hendricksonz} Kesterson. 1966 . Pascuals} Car-
mona. 1983) EtEE A whahi260°FLL L) BRA
BE&Eol (K75 2 (AmmermanZ%, 1965) pelletfy
&= NFE7F ®bsl ashv} fgonxicta shod
thH(Ammerman%, 1966, 1967).

Citrus peel®l citrus pulpg| R HEl 4
Hendricksonz} Kesterson(1965:2 peelo] pulp
of tt3le] HESHE, NFE ¥ HEH a8 =

+ K H#EHSE-S pulprt ¥uUSS #®E
% 4 Citrus®| Sif@ol] =& mnTglEHe] K5
2 tangerine. lemon % valentia?| pulpr}
orange pulpell Hdhe] EgHEe| ¥ NFEJ} =
otrha #&Esod ch(Beckersl Arnold, 1951
Kirke} Davis, 1954;
1983).

BNEHS MTEIEYH K72 AEZ1971,
1974), FEF1975)%0 (ks Hh &=
=1 orange$} grapefruitell frsled HEiE s NFE
FEE 2 BEH RS W RESR Fus
+ sty ook

Citrus LEIEMA = Cal0.73~2.37%), P
(0.09~0.13%) % Fe, Mg, K. Cu, Mn, Zn %
o Mol AB5 T olos ERARIA4 A
Kol kel Cag o]l Fobales AR oy
2 olelKirke} Davis, 1954: Ammerman$,
1966, 1968; Chapman%, 1971, ZARE, 1974).
CaroteneZ &2 0.596mg% 2 &3 Eo-
thiamin, riboflavin, choline, niacine. pantothe-
nic acid%2| vitamino] &EFS o] U v (Beckers}
Arnold. 1951: =¥, 1975: HiE, 1974),
methionine$ vl X3 LA} MRS HL
Aoz @& och(Burroughet Nelson,
1975).

HESIEme RAEY Koo HEKES
o] = pectino] %8 &&= o (Poore, 1934 ;
Gaddum, 1934) #ffel oledg& F 3dodt
Apolel 2| BUERS FLEAMRAREC] HHY XEe)
T v A2 oA glcHLeng, 1970). o]
utol #BRE vebl = naringing} hesperidine®

Pascualsz} Carmona,



9] flavonoidf % citrus peel oil EmEel
limoninZo] &#H5]o] <tvi(Poore. 1934 Davis.
1947 ; Hendricksons} Kesterson, 1957).

Limonin& terpenef: RR{ILKFZA HiE2 ¥
ER5e 7tew {batmel shvol o (Stanley.
1958 : Attaway %, 1962: Bernhard. 1961}, 5/
Bl jTato} fEHe] o diacetate ester.dipro-
pionate ester. dibutyrate esterit = + L
o) o J(Patricks} Newhall. 1960), B E &l A
L AL el 5w vt bl cl(Hendrick-
sonx} Kesterson, 1965).

ol &Hsl hesperidin®  =lEbRIECR
(vitamin p) ¥ EMmESl %E4 FErEHl A
o @R MBS A&t LB M
EHEES B4 A LB B BRS At &8
&x)o] ¢lci(Hendricksonst Kesterson. 1956,
1965 ¥, 1975). Hespending albedofgoll %%
©1}(30~50%) flavedos} Brgcll v A1 REol
Aol wbel &i%el @bxlchn 3l e(Poore.
1934; Nagy. 1977 Kefforde} Chandler. 1970).

Naringin& #8052 sl = HE#ELHHEEY &
#(Citrus Natsudaida) >} grapefruitel] 2t 28
Efftoll = 4 oo (@K, 1974), albedol@(50~60
%)l A#G SHs U flavedo@at RA
Y juiceodl = bEel &HslT ArkPoore.
1934 : Kefforde} Chandler, 1970. Nagy, 1977).

K-S oAl $REEEF nanngind REEFE
L ETF4|7] = EHol 5715 gtcHhendrickson
3} Kesterson, 1956, 1965).

2.3. HHEEIEY Silage
A AlZ|Z|mEel HiERC| £8

abol 2] 2| R RE ol 5led  Barnett(1954) ¢
BEOR #(Respiration phase), BEEE4EAUM(Acetic
acid production phase), # s AKBAMEHA(Lactic
acid production beginning phase), FLEE4 A
(Lactic acid production phase) % HPUA(In-
difinite phase)| P2 EHshoich w2l
ML TERstd Afawbel Rk, &

B, Bl %S BERoE MK, BIMK,
BERE %o HMTENEC RAETHE
o) Fe) Eft MEtpeel B Xlch Ak,
1969 1.

FLESE R

EKEs Yeio]  FLEEERRS strepto coccus H
lacto bacillus E sl o] Fol 21, glucoses}
fructose 3 disacchanides} E. M. P. pathway
9} fructose—6—-P parnas pathway®] #&&oll (&
# lactic acidE WAEGEHE  Efg(Homo lactic
acid fermentation)s} glucose, fructose. pentose
o] H. M. P. pathway % fructose—6-P
pathwave] &&Z A4 lactic acide} acetic
acid. ethanol. CO, %<& Wakst: E(Hetero
lactic acid fermentation)7} vl oredz ¢lc}
(McDonaldst Whittenbury, 1967).

Woolfordi 19841 o} el 8t R4l FLEAEREY
BE-e Figash o] #wshgior sl fl
fis Bol 1.5~2.0%(pH 4.0~4.2)0 o]=¢d
B R HEIsle] 4belelxls wREfb Rt

o skdvh

- 3D

ReRE O REREE Listol = FLEEE, E® ¥ K
BB Lo KN ERE B
Hel EBBE15~35C o] FlEEES (SEMAF
BRE(8~35T 180 —#Kshrl el 2T Abdel
Aol 4 EEAgc)l REE cbn shgich(Barnett.
1954 . ik, 1969). Orchardgrass silage?| Hik
B 2 B#(LT FAES Moore(1970) & BEFEE X
FEEo R silofy BEFE/L ST M 2%
sl iEEpsll o Foll KRR L AKBFHAT FLEEN.CH

wpzchn sigch.

BB AR
AT R KLl 4 BiBgol EABE(Allenst
Harrison, 193715 glucoseoll 4] butyrate2, dis-

accharideol} 4§ monosaccharide® ## butyrate



[Glucosel Eructosej I Fruilose-I [Glucosel {2 Fructose] [‘\rll\lr‘usr‘] L\\I(M
F-6-P G-6-P Ribulose

@ulose l

l[ 6—Phosphog1uconat81

S >
Ribulose-5-P

Fructose—-6-P

\'yluloae—) }j

Gly Ceraldh)de 3- P \

Acetyl-P M P Acet 1_})
Elycera[dehyde 3_ﬂ / ( )ni\ateH ce \L I

LLaC[a[ﬁ‘l L,\U'lul“ ]

2—triose—P

Xylulose-5-P

2 Pyruvate

2 Lactate

Pyruvate

LAcetate I LAce&aldehyde J

(Hetero----+- ) (Pentose)

Fig.4. Homo and hetero lactic fermentatin of glucose fructose and pentose (by Woolford, 1984).

2 Hags| o FEES] 2kMBEEY sl lactates}
pyvruvates 7] # butyrateg 5] c}(Barnett.

<pelel 2l pH7E 402 1 d bell 4= Clostridia %7
RES g o]l WA d 4 RETES amoniast

1954). valeric ‘acid. caproic acid % ZfE {7EA3C. .

EAREE8(Clostridia)2- B2 £FH R 30 TREAIA Ao e A SRET
~40To|= pH4.2 LxFoilxit #Ho] A1k = v 4t nett. 1954 Woaolford. 198-1).
del =2l pH7l & dlol = ks FLEEC) 2K

fE 471 A) slH(Bar-

Wikl {kste] BhNE, ARt o CO, Zo2 iR
¥l 9 cl(McDonaldel Whittenbury,
1967).

Propionic acid 4

Propionic acid+= lactobacteracae o 6} lac-
tate, malate, glucoseS XH2 3l EEES 7
H4 4 pr= o (Fitz. 1878) mannoses} xylose%
4 HHEE 4AisicHVirtanen. 1923). Barnett
(1954)= pH7} 4.0 LIFR2ETY H Bl & lac
tateg H-e| propionic acid7} WEgsiciz 3
th.

Hit Hs T

B. At2E|Z@Rol HE®ES 0= HER

<pol el 2| MRSt SEH-- BEEEE, #HHEHS
8. pH ¥ "1&E RKiEHES %o BED
¥k o of (Barnett, 1954) MIR¥EGE A - 26~38T
ol v} RS Eg W B bactenai-o| EEF
FIHEA #fFsicte stedch(Shaw %, 1951).

HEe REEHERS 25~-30%clv #EK
TEE, Y Acl W KHEAE Fol (ke e}
2w Kol w55 Aol 4kl el 2le] pHu ol
Z K& &el 45 = silopye] dhEM FEHE:
TAS AEso Al dedd drHShawF,
1951 ZEdgk, 19649 MoCullough. paew,



EEL) iR m B f iR A2Aska pl
2 rolvl figgMER B Al v, 1966
Ko Es S sl FERE] et MY AEY
sEranel DMgifbd &, s aE M o &
Fesh mAAES ML Alvl e E@sh B, 19780 Rt
X /P F I"‘i«’ S EMET -, BN AR R
Hahnol (oo MEREIEME CaE B Sl (K &
i EN P'a’,'ll'.'&l-'.? YR A HEskslvh
(Zimmer, 1969: Gordon. 1967).

depel A o) pHICT - 7RE R 3 obvl nfif
2] #hnst f“ﬁ? GRS AES)  ®Uboll KRS
vbopH Ei fLlgsh fEEtEIRHAERSe]  tonik
gl <plel«py EBerEa KT %2 HE
et fE@(F Mo HES ubAl mlchif,
1983).

<pol ) x| EakEc) TEAH- ATGHERKILT
vbOEMEEE BT BLERY IR o
28 BREc HumElole b ¢l el(McDonald
s} Whittenbury. 19675

BES <4 MRS s13F ]G RKEY
o] B & 6~8% LH»A slojof sht o]
B mAsmrrel «bolel <12] pHell ffs) #%&&
ko sl ch(MceCullough, 1969).

C. Zmmel MR

apedulz] o] pHE (K F«l7l FLEES] Hinel
EaBsol BRERENDE -5 1A RmEE FIHESE
£ Aplel A sy REs ek

Virtanen(1923, 19491 <Fe) 2] <1 %7t of 2
¥ f&ﬁﬂiﬂ:%ﬁ P SRHEWS Abdel 2§
Eigoll 2N HclﬂL H.S0,% f&s A 1 Vi
S fEmskE ALV ES @bl o EREe
e Barnettl_]954l, Waldo%(1969), Wilson
3} Wilkinsi 19737, Derbyshire % (1975, 1976) %
ol fkal M=ol o pHIRT, AMEREM
sl BEEES HiR4A RIFT BEE
Ackn @ESch

RERME 4l FEARERIES
o REFRZA %?‘f#*"’@ﬁ’] 2 R A
RS = Abelel = o] BEIREAS Hel BEAE

glptel  <balel 2 BGEAl ol FIRIslel Shrh

Huberi 19681 0.5% W HFRn S544kle] #|
T Al mfj“l’] R, mHmEEel 30%)
tgifoll = B E e FLEC f%buoHL‘i»% 2 L
Lol #Hh e d= ﬁeﬁu[ﬁ;% ERV ¢z
Sielo) FLES KTl RFEHRMARL} EWE
E:R

o st MRl oo -S2 #rskch

o & R Abed el 2l K RET oL SEF e
o] FFro i FArHEe]l AkdelA #lisdl
s gl ok {REEAUI965 7 it KEF H
Bapole| <l HiEEREA 4 AL V.(2N2| Hel 6
9% ), FIEsTHEE, WrlSdim 2 EE Rn X%

2 Wegshed oo BEFMES FLASEE R %

& i Uu apal el 4 7 AL ovh FLEERERY, pH,
FopdEd 2 DMigifes> ol &3k EERME
s AR ek #iskad vk

B ﬁ‘%ﬁ*i@ﬂl 7|5, KR, WIS &
gk <bolel 2l EAEES 4 19700 = FLEE
uOBEEE S B WisEo Wl orEe] He R f
EsbA tEmste ipfastelel =l o) fREE &
SRS wEgsh wp ok

D. Citrus pulp silage?| 5%

Bondit1942]e] {%3}
- HAE=loi orange pulp silages} grapefruit
pulp silage7} pH, FLAE;& Bl loi4 #EFHsHA
%5 #Eskodch Citrus pulpe ARle] x| §isEe
ftsl 15~21%2] DM &4 7h el e gEe}
sugarcanegfifnoll {ksl DMiA%S 4 + U

1 (Becker %, 1946: Kirke} Davis, 1954)
orange pulp<= <} 2] 2| fliel] (K al@EHERK
b4zt DM ®lol sgiFie] ETF7F lsdov
et ®AR REMES Bl AT ®\REEst
4 zkol kvl glodcte #EE U ch(Becker
%, 1954).

Bagasses} molasses®] #hn orange pulp sil-
ageBiEaRE A 4 Aguilere} ODonovan(1975)-2
A fEted 5% FmES RIFY B
o spadeixle] gEe] HESU-SE ®EHUch

McCullough®} Smart(1968)+ EH 40l

Citrus pulp silageflit =



orange pulp % grapefruit pulp silages} ¥38-
fpbialad ol Wy pHE T 9 In Viero ik 4i¢)
e Fsjodot @atel ¢hnl ghetslul drgxlvhy
ki, Citrus pulp silage: B 4o §5eE3¢
Aol RIAFSE Bl WA, T (fFH0]
PRl e #iEs o olvHChapman®,
19711,

Morea(molasses+urea) ¥ v »1-% @ HG %
Biake) el 2| 8,8 KBl A BiEF 197112 morea
s REOHGET Bndd 5 oduont W
715+ moreagfihnt: 4bole) ) @S &2 MRS
ot 4l eebofebin shoich. =4k pHiz 3.4~3.68
U .2 S N B A B S SV DH fIx F e
FIHL citric acid B fH#fEel Efliol G4
v W wao gloh

ELE1981- wv) g, WAl oy BREE b
FHrHaelel <1¢] pH, ZAMEEE W DMifE=
5 Afsled Sk <balel 4l SAEel BLBF
s o5 sk ek

FRFO1975 0 EM b Al el A o) it F Bk
ol 4 Fhn¥e] HEE fEifska Fsbgdoo
FEHE fbEE 50% % KAFs5 NFE. 929,
DM: 82%¢i 1t carotene& §&2- 2}l ¢] 2| ik
g Al Wibeba ghotebal Hidvskdh e
v EL 196400 BHEARel el 4 BLE R B 4
Chlompirrin EEE 5 BES S HEH OEE

b BN frabed MES EE 4
fi%l BEL dch

D AN Citrus hassaku) st B Citrus unshiv) B
Bk el 2l RSBl 4 197402 R A
filell = HHMmER 2 BT £8/ ¢odo
g 4ol fhEai8kg/day ) EEE, LB ALK
/750”-1- Lﬁ/l’ Tli?dtl’-“—' [.14]'9314-

AR RS, 1981000 4 EHI Aol 2]
A5 Yozt 20%7hA (KE $EEHE S o i
RS FEHERRA HES 2R/ gdiclz

shdct

2.4. Citrus pulp ¥ EHEIEH
BLEHFI FH

A BEBEBMO H3 GHTIA

Dried citrus pulpe] FHEERFIH2 Velloso
Fi01974)0 ksl RBEs U oM Al
dried citrus pulp 10% 5 A&t S o HBE o}
2 ER7 godcte speicl

Karunazeewa(1978 i+ E OB, Moghazv%
(19821 ¥ LBk #Hzb citrus pulps] RE
aTRE KBS RSy 91 A&l A citrus pulp
o KENKES TNES 10%, ¥IEH-=- 7.5%
72 st ot mESd 12% L g G
2 ol = limoninel] ks EEF W] HE
adeoj bl Ao w #HEstn glalch

Kangz Choe(19831%-& &t 7k K2l K& 6k
FIHF RSN A LREHNE 2%, 1%, 6% 5 %
71 ERER F2defd] S R, 4% KE7 R
BER, BEEME 9 BiiEe] HBES FEE
7bogdebn #Eeksich

Citrus seed mealf3Eit IR HiES 8
o] seed meals- FHREEEIKIA KEi20% )8 &
5, EEEK, FEX, PBEGEN Jdelw
o] I} EEF kS oy ethers) acetonEEE
limoninfg 2 &R 7t Ud-5& #E sk cHDnggers
21951,

EF #:01985) ¢ obdl £ W HEFWER citrus
pulp b gEBEe] EBRFFMEE, EFEER
o cholesterol 5 8&-% fEtn4| vk 3453 ct.

#Hxell lel 4 fresh citrus pulp®] FiH-LS
Allen(1919)ell ksl FEBE RABE= Ao &
BEEZA &) S-S #ED o AUk
e Kirkg} Crown(1947) % Glasscock®%
(1950)-& #FfKfe¥tol] dried citrus pulp 20% &
ﬁﬁ‘n"i‘lg o HEHKS EFHE BT UG
=, seed meal 20% fAEH S =Holl = IR
gl 7hE e ool -fel #iE= 2 o el(Drg-
gersEF, 1951).

vt citrus pulps $%9 15% S KBSt
L BRERS HREsS GEREERES doixa ¢
or.o = (HollisZ, 1962 Velloso%, 1974) &4
T2l 10% ~40% < KFY L o (Baird%, 1969,



1974) ARG, EMERE o BER2 £
Ryl godo SHEBTAE 2sld AR
I, 40%feEs BB HER&Ee BTE
ALK+ 12 Ul A

Cunha%(1950%, 1950")& citrus molasses&
L4590 KB RBAA FiRl = 10%, BK
Kol £ 20%, BEHERALE 40%7tx REBE F
oot HEMMS HJ 5~7Ho) MES At

a9k,

Citrus pulp?] K& =} BIKEE RKEHB LS
E BEFEHZA FIAs BEERS 45%72
foBsld & RIE S HEE ®Askx @t
3 stgcHPascualz} Carmona. 1980).

atoll 3l citrus pulp®) FFA-S #Helel 30%
RERES BBl s BRES HiLX FEE
b el ®Eskd cHOu%E, 1979).

B. RAX®R HE WA

FL&ol T fresh orange pulpe] FARHEES
LEs AREZERA A beet pulpel Bitlslrls
Reaganz} Mead(1927)9 #&7F sldov &%
3 KSRl o+2 fresh citrus pulp?] B&E=t
Frkol HES Mty $1% HEROR Ade
2 F Ao HEsslet

Citrus pulp silage®] EBEEol SHES Bondi
(1942)el] k3 citrus pulp silage§ FL4oll HE
25Lbs A3 & o Atdelx) Hafrh FFll
BAYGT ®EsIG L o9k 2 XL Beck-
er%(1946) Tarassuke} Roadhouse(1951)o] &
HAE FEES vk deh
P49t A4 citrus silageol] o 3t BB P
grapefruit)orange>tangerine®| [Eo| oo,
TDN4& &S grapefruit7} 3 DCP& RS
orange pulpzt E ootz dlgch(Beckerst
Arnold, 1951).

EnEe L BEERS] 40%71x KB
gty o mFHEL %4 Hoxiu #HEkel
sl oty sddch. =3 BHARAN A&
A 20kg7hz] 7 ATRESHY BB AL Bl Al 9}
GRS ol X FEFM FHISE BRI

limoning Mgt ¥4 FEMSol Aok gl
oh( RS, 1971, 1974).

Rodriguez%(1974)2 #&tp, »lelsl FHnsl
o EEHE HEY T Udckwd dried citrus
pulpt= &ML EEEHEE FIAY + o
o skl

Citrus pulp #8o| =2 F Bz FLAEERS @
{ft+ Gordon%(1960), Hendricksonz} Kester-
son{1965), Van Horn%(1975)0l] k3t #HES
o] citrus pulp ¥ pulp silage®| (38R’ FLBS
winA 7l = fLEERel & HES FA wuey
RE ¥ AEHMT HARKESR @ixsdd A
B SNFrals %4 ERAAT @E3H
t}, LBk #AMEE 2 SNFo #me #4RE
fAftchol] dried citrus pulpE REHLHEI Wing
(1975)8] RE&= BRI L el 25 HET Ak
%1971, 1974)¢] @iels —Fs 1 ek 2
211} citrus pulp silage $5Bdl &3l F ALl
B v T #rl ook @®Es At
(Slal%, 1978; Peavy%, 1980).

Pounden%:(1965) 3 FEF(1975)+% citrus pulp
= EftasEel hesperidine Fimzt FLE RE
R (%3] Staphylo-bacilus sp)e]l BE W4 A
ALE% BB doba 519 2 hesperidine
3 HEX BEFY Mthc TSR o4 ot

IEE ol 3 citrus pulpd| FEERAK A
Jones%(1942)-& dried citrus pulp& corn chop
o 25% % REY KR REES EBSHY
BEo Hild miEsd oy THEES Lot
= #®E7 Aok

Morrison(1969)-2 EHE4-fA¥ol]l dried citrus
pulpE 40% LIRAE FAY 58 S+ @—

3 KPS Bydoty 59 oo Peacock%(1960)
& dried citrus pulp~s} i@k, TDNEXE, B
B8 % kol 4 snapped cornzl I 2 7bH
& FRERS 2ok sl

B'E4 dried citrus pulpye A4 9 FL4fEH
A4 &2 60~70%7tx1 T KE7H ATEESH
U ke 2B ke SERPHESH HLBMEE
7b {BEkslo] FBEARES 40% LAT 3t #
&5 9l (HentegesZ, 1966).

— 14—



Chapman%(1971)-& HEH 4ol $3F citrus
pulp F|He] & reviewel 4 dried citrus pulp.
fresh citrus pulp,citrus molassesh dried citrus
pulp7t HEHole ERHSES Ho Fold
2 ER2A REEEES] 70%, ration?| 46%7F
z| #5519 BB EBHBE®RS @LEz 8
B o ERERe] HEs[Acke slsich

22y BHRE HEc $18 Te/ffE(para
keratosis)& vebl = 5587 o g o
R A Sl KT A2 rEiftEel
izl EES HLE BTE ebHd R citrus
pulp pellet: EEEE fERAES KTAAH
o #Esksich

Velloso%(1974)-2 dried citrus pulp& IBEHH
fAktel 30% 72 fREFEESIHE  Zajal(1981)2
buffalow ARFA 4 REFEEIE O 24 dried cit-
rus pulp7t FIRE + ddcte sisict. Chen®
(1981)% citrus molassesS #)H steer ration9]
10%, IREXRHE 20%7Hx BEAAS BF
gl = £R otz ®E e

b Z(1981)2 EhA g LR A IREEE
o] 20%~40% % RET ER FR4HEES
20%E 7t HIBE} Elsht 0% EA A= ETF
slgd oo fAMEREL 20%EA E=A &
Bmagol et st ok

2 %(1981)2 EHMAYAE #EFKS
20%~40% 5 &3] MEFRE KERT R
ol 4 el FRERRY EEMY HEE
7 gy BRES 0%EANA FESH K&
Felgdeos DME(LEL 20%EdA HES
ol Eithasdel 2o HFREEH KBKELS
20%z2k @&k

2.5. RBEA Hit ¥ V.F.As
HEARRE
A EREA B X KM

RBFx& RARFAL BIERS] ERERH
of RBEA ERste MED Kol BEE

Cubsch BEE AEEC 1 A ol BB

Bixlol £8 V. F Asd et -fe ME
HEENS GGH B 4 CH,y, COx%
5 o4mslc 4o ¥ et (Maengst
Baldwin, 1976).

3 %} IR K (L 49 2
hemicellulose. starch. pectinF$¢] polymer2 18
BEXE == EEERSL 4 d 4 pyruvatent2] g
2l #% V. F  As 3 FakstchBaldwin, 1965:
Leng. 1970: Church. 1969 1(Fig 5%82),

Kol starchi- BRHO IBEM] LAAYSl RRAE V)
tafE=] o] amylolytic bacteriadl] 2|3} maltose&
f£ s -Ee glucoses -5 EHEE G-6-
P2 4= G-3-P:+ 7x4 E M P
Pathwayel] 44 pvruvate s 7@ xivh, (Baldwin,
1965; Walker, 1965).

Celluloset= RR&EBH A cellulolytic bacteriad
o)l 4pksl B —1.4—glucosidases] cellu-
lased]| 2]3le cellobiose® % c}S  -#+= glu-
cose® (Ayers. 1959), —#+- G-1-P& A4 4
E. M. P. pathway2 Eof 7} BEEERE 7} -y
AR 6~88fel AU T F#s 4
zt sl cf(Baldwin. 1965).

Hemiceluloser= 2 —1—4—xylosidic &2
oA 7] = EEFo) ol ke BEE A
H A 5REES) xylose2 FAKst: transketolase,
transaldolase%2| {EHdl &3] G-3-PE AH
4 pyruvate® 4 A{sH=  pentose phosphate-
pathway 73 2olf4] 7 @l cH Walker, 1965).

HigaIEg wel &fFslel A+ pectind
pectinesterasesl| 2]sl| 4 pectic acid& AL %
polygalactouronidasedl] ¢]3}e] galactouronic
acid& 4 Ai3}e pentose® M5 o] hemicellu-
loseg} 722 BREE A pyruvatez ot
(Leng, 1970).

2 4] AEHRAKEYS KBERCdA e
BE# =l o] glucose & pentoseE 43t gly-
colytic RBE AAH4 pyruvate® Hi#tsic],
(Leng, 1970). 4% pyruvater 23 c}&
HWEE HE=dY EER, &, Z29iM ¥
9] V.F. As s} CO, CH.2 57#=ici(Baldwin,

e cellulose,
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Fig.5. Pathways of carbohydrate metabolism in the rumen (by Baldwin,

1965; Church, 1969).

1965).

Pyruvate & Y-g] propionate?] ‘1“;‘{{3— succl-
ninate & x) b gIEe)l acrvlate - 4 upis S o)
z 7} 9l vy succinatefEigvh Fal §ifRw oty
2 oleh. el #ES BRI Y B¥E B2
£ THIEE fEE Tl 4= K ® 2l microflorao]

ol A succinatef&fs W vl lactate & HTH
Az = EHEVE “}(Leng

s

acrylatei@pg &

1970).
butyrate¥; &

ok
()

pyruvatest glutamate] &
acetyl Co-AE Az &g} acetateZ e #4
sle Bffo] YT KBS BE £ ok f-
oxidation?| ;@2 722 &£ malonyl-Co

— 16 —

A FauEEe e ok doH Fig £ E OB
el shelve(Leng, 1970).
butvrate] acetate 22| ###ol] 4= ol =]
M) gl oL ] 5By ol 2l kel o
2 xleba ebedvi(Walker. 1965).
B.V.F As 4 ¥ Wi
FEEMAA £msl= V.F. As. @AtEL

s HRd o BEFE 60~75%, 2] LfE
15~20%, Bt 7T~15%clv RIEEEE BEe £
#, HEHs] Ay sE(Phillipson. 1952: Shaw



%, 1959), BEEES] m#E, pelletfk ¥ hbE
2 #Ehn(Shawst Ensor, 1959: Brown %, 1962)
Zofl =he} BEFE EAUERC] (KTFsl v ZTEale
Eio BARS ERCEFS s AR oA
2k,

RERECl ®Ubol BAEE o T Rs]-FE0 Mino
FLBEES M 471 HBalch%, 1955: Brown%,
19621 BB ol - BREMBES @mbAlZlele
skl cHEnsor®, 1959, EiEgol FLISR HE
g B (EHEH: Hds 7RSSl Short
chain  fatty acid &Agoll EBifgc] LAMEH Y
a2 8 el olcH(Popjak. 1952:,

EREEr V.F Ao @RS RacRiel vy
WRES) indicatorsh 31 4 ol =l ob A BREEA
orowmd V.F. As., BE= ERUER L MCERE
ool £ chE Hfeasieel @ o EMRCEE, 2
el V.OF As fe) fHEEE % o BREY
B ubold piEs|e AR o QUch@
%, 1982).

®1FEES AT VE As o) lyr= Bel pHst
R o, 2 pHell 4 ®igot whz
Wrsl RERES BEES ¥ oldAE %ﬁa%‘*
Al FIRE v glucoses & ek« Rahi B4
fe 177 7o REEs2087 72 #fg + glo- =
23] £85S glucosesnk W ol 2l =, nhe
clfES REASsE “ea| oo R #Efrd + olct
o oshedch xek FHIFGA MEWE KT
NH, & ZFFoz sl WEAHBES &ksd
el —iel ofv| s} peptide P FEFo) £8
EE &Rk FrE=sIckx §FSd cHChurch. 1969
Maengz} Baldwin, 1976).

NPNE NH3$ 4£me22 Mol EEYG
2ZF Kol amino acid—Nz} NH;—N2| H &Ko
ateb FEZE] wepaicte &gl tHMaengzh
Baldwin, 1976).

C. HHREIEM2 KBBEANELA V.F. As
®#{tol 0= ER

HikalEme] HEd, H2s KBEELS] A

HE slabod A o RKBHEA V. FAs,
pH. NH3®| ##{toll =&t W77} 81751} gbch
Ammerman%{1965:->- dried citrus pulpf] '#
LB EE o 4 pulp?|] #EEBEM 260°F LA
s HEBE BOEALERES sibal o dd 3
bRl = ERV ok shedrh. EHHGAC
gl 2 el @fbE BERSILFE Y BESmAE
ole] =] = HBA[E Jrsh NFES fp+z)l 24 &
#FC HibEel gES|o] DML 87.1%, KA
B 74.1%, NFE 901.1% 24 EFHHEE/F &FE
frop fplstgdcha shodehi A%, 19710 W
3 93 fin EHEAde] e InViro (b
HEsol A B Ei1981)-% DM BifbEe] 50.5% (¥
AR ~84.3% (IR @I W o o
A el wfeb kel KTFs]edvie dheich
Citrus pulpsfiiell =2 s@¥2| HEHE KB
BERIe] Aol 4 Welche} Smith(1971i4 & &
FhEproll bl citrus pulpdfEizh IR BESfE=E MH
WOl FHMEAI o #iEe eb vk
Chicco%(1973} % Pascuals} Carmona
(1980) = ¥ rationt®] citrus pulpgbnk e
tell =he}l, FFREREFES KT ER kT
EFHte] Bmes #®ET o dom KHFEA
pHIEF, NH,—No| &t #4sl ob-gel B4EE
b fEEEe] sEhn, ESEESl ML E el HE
5 o4 ¢lcHPinzonzt Wing, 1976).
Economides¢} Hadjidemetriou(1974)= citrus
peelz} pulp?] In Viwe} In Vitro {#{bE H#ol
A In Vitro DM #{tRe 25 91% 2 #EEE
o} KEMLEEE o In Viveo| $Ei@ -+« citrus peel;
67%, pulp: 92% 24 pulpst peeld] (sl #%
sl o8& fEStdch = EAHED 65-67%,
M.E.+ 2,400~3, OOOKcal/kg cb shoich,
Loggins%(1968)-& #i¥ol Hifhk = &E9}
MRS BEBENS o Hifn EREN A v
men pHE {EF= 3 total V.F Ase} C,/Csy
ratio®] EME FBEsIG o= FiES Efa
HeEg IR Alekalfk ¥ parakeratosis®] fE#
< X3tz #HEesich
¥l ¥3+ fresh citrus pulp?] 244}
2| 2] &Kol 4 (Schatblye} Wing. 1974) £
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A """ll Awbob ROTETD
SUodn] ehnskad vkt #U Al
FoAs o) kS BBRES ®UL e o
fz] Mwond vhehigloosd BRI 28R %ol
BEME->- A K deoll. BRAS-Z i KgEd] & & o
Felar e LE BFRIS] FLAC ohot d
fahsked vb v it'é‘}“ th.

Chen's 1R B citrus molasses
o, 20% f.mna‘}?z dabnadEe] e hngt

Ep ikl i
!L} Be 5} \'

S L T

N ]

1.

L=
=8

B

3.1, E#mTEIEDS m ot
EE(E®1)
311 B &

HRE R RE RS 19850 380, 000% # 4 L E
oF 16% ql, 60,00001% 71 hn CEEHEE 7o v HE
b HERRHGGE, 19850

o} 'Jblwhri?'”\ I 45 ~-50% s I
el kS SIEAE-S 27,000~ 33, 000
Meoll o] 7 Ao g delu FARPRIED 4 BHE
gl oll S sk BEREY FIR SR B
wsisl g A KEs BEs L e 'WiE o
L]».

Widm LalEmel BEEFH L orange.
lemon%-S- ARFefsh FEs
ditEe] 4 WHIES L Aok 19TOHIEE
FHOl B ol iolx dir B
A opal ool Y FIH )jEel BEsIA %
han et

rhEel fREIEY2 EFHEE B RS
Ammerman (1965, 1966}, Hendricksonz} Kes-
terson(1965) %ol {£s] orange, grapefruit,
lemon Z2| @G FHizt b2 el 2 8E FIBAH
ol HEsle] ot BAC 4w EREIES

IETTR I
|

grapefruit.

W

of whel FRHERESH WEES %4 ®mddn
E” KE-L Ehnstel o EiEgKEE=L Cy/Cy ratio
«ﬁl’} Pl | -/ LR Enst
&5kl 22y citrus pulpg 97|
X8 ¥ fHust 58, 2%
9} P2 EfFo| HEREA st

{odvhe JainF (198100 #Hiw
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A REEA S skl BREHE

T OREERFIRY EAH HES H
v "é;ﬂa Azl $1sked fn Iﬁﬁﬁﬂﬂ
- sa”%?‘d"] ol el —mHERT,
e, vielnl Fo ol2 iz M BEFE n*ﬁ
B BEHEIEY R ARy HHE 17
P RE e S & 5 £ o S

Ol

W7
813
”+’E

/]
W

st
165

IV'L

r—_‘

0\

S:”:

}.

3.1.2. HH 9 AHE

A HEBEMH 3 R

EIERAN A s & B (Satsu-
ma mandarine; Citrus unshiu)2| juice % %@
LEM T@8 A FER - EMmISESS
HEtZ shch

THPET KBESRKE) HH B4
BlEME FES - BMARP), RIS, Hit
) o olEel BEHP+S+])S hEstd &
sk,
R,
WEL 1983%F 2A 3 1984%F 2 fell,
ool BES

o] =
AT

=

, ATEERAILY 2 S
EHY
1983F 2A

thiamin, riboflavin %



Al carotene £ 1984 2 e B L el
sOEHET D RN, RS SiTebch

B. AT ¥ HiE

B T St R et drving
oven (TOT)ell 4] 1285R) dztf<l A (FHIehsicl
Dry matter crude protein. erude far. crude fiber,
RS- A
O A Ca1980 }jikAl {f26l51 2 neutral deter-
gent  fiber(NDEF), acid  detergent fiber(ADF).

ash. nitrogen free extracts %,

hgnin, cellulose. sillica' Goerings} Van
Soesti 197012 Hihoon piEbd ol Total
soluble carbohydrate (T, S0 C 00 Bkbig S b
fekel soxhler @ 95955 whiber & fhHIH
flaskell 4] 150me & 4840 Wel Hot plateol] 4 2
B¥fl fmihii% At %3 anthroneg(go v
32, spectrophotometers FIH A HKE
625nmell 4 B LEEE @ESk vk Ll 197610

Pectin®- diphenylimineifioll  {f15}ed  HEb2)
HIFRFE-S freb o B% -0 spectrophotometer&
FIE Skl e S30nmoll 4] 1R £HE S #)ESS
galacturonic acid®| B2 BES %ol pecting
2% itEeleHAOAC, 1980).

B O AR E Rl A 6007, 38
i ashing)o. v jrAgel 715 fifskod gimMe)
ol Perkin Elmer(Model 2308)2] Atomic
absorbtion  spectrophotometeri 4] 7pH784¢3 a7
(Herman, 1973) Amino acidi= LKB(Model
32010l Amino acid analvzwer®: FIRste] 4
trealsd tHSiegel &, 1964).

Carotene-&- ¥ 2¢5 KOHg} ethanol® ¢
fb&kan Yol 5ol 4 ethyl ethers 3@ Ll | #h
et #% KK o etherd BpASH ofy, Hmoll®
Al ‘5o 4 aluminaE FIEEH chromatographyel]
A ol Hi S Hifbele] 2(Cbely) Aoz #E
<4 4 spectrophotometerd FIHstd FHE
450nmel] 4 RS HITESHS eHE R, 1974).

Thiaminz} riboflavini® thiochrome# ¥ -5
FiHsle] taka - diastase RO 2 M

vitachange activated?| chromatographyel] 4 &

B

= Wie rmEo 2 §{h4)7l % Fluorescence
spectrephotometer(Hitachi ; Maodel 204)% F|H
shod 455nmoll 4 M KFEE @lEcted FtEasbgc}
t&Eat, 19740,

Nylon bag DM;g{ts
2mm 2202 #Hirsh FFE 2g4 thof 4
6X10cme| pore size} |00meshe] nylon bagol}
ol fistulard j@sted rumend] Q& % 24850
MiRELol Fmel BEAR, 105l 4 12850 &4
sked DM2| 48488 tEshch

C. HEtRIELl o7

REFGMERS] A8 HES Steels} Torrie
(198000l fRete] EEHE T Hivetd L
Duncan®| new multiple range testol] 3}l H
BRAE BESHACH

3.1.3. #8 9 %
A —#BRS

EMmTEMS s f(peel), AR (segment
membrane), {Eit¥i(juice pulp) ¥ REH
(mixed byproducts)e] —g&#iai5<S Table 13+

et

EHmTRIEDS K7&582 sk 81.25%,
PIFE: 84.8%, ¥ 91.1% 24 #E7 43
G kel b Eodch ol 3 BRE A
BEEF(1974)2] SNEMEIEY RS A #
. 76.1~77.8%, #iT¥A: 83.2~88.6%¢ll 3}
o %4 & Kot EEHS KFTERL
EMinTiERd A FRsls 29 & o &
2lzl Ao B Halr),

HEAESES 2K 9.86%, RK; 7.12%,
FeitHa, 8.09%0l 1, MM S 13.43%,
A 15.12%, Peit¥a 14.81%¢1=, NFE+ #
B. 68.52%, PIFC; 68.64%, ¥Eit¥A: 66.59% 2
A ke HESHE? NFESRO =3 #ith
< HBHETEC uct ol AL Ag MIT
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& Bk 4 EHE] tnTel =2 BES
whx] ool Hsled MEtHa-S TR A Al
B STel B%ksZl alFel Aoz HEmch
olelgt HHF-2 EMHENIEY AKS, 1971)
% oranges} grapefruit fn TE|ZEMH(Kirkel
Davis, 1954. Tarassuke} Roadhouse, 1968;
Hendricksonz} Kesterson, 1965) 747 &Rl 5
Bmlskod et

MIEED| HIEHEES 2.95~3.64% &
WA SE, A, e Ty 28
o AWF(1971) &RoE Elstale
v} orange, grapefruit, lemon$ F 2 3} citrus
MILBEH(Ammerman®, 1963, 1968:
Braverman, 1939: Pascualz} Carmona, 1983)ol]
Hatd % kol HERSRY ERS cit
rus pulpsl] HE(2~10% )0l W& o7 AT
22 Bz

EmLEEDS] —#Rs7ARS (8
EH'H: 8~9.5%, MMk 2.0~2.4%, NFE:
67.3~70.9% )9} HEY o HEAHSEL ¥
st NFEw woto 2y ¢ (HEBY; 12.1
~ 15.4%, H#&#: 8.9~16.2%, NFE: 51.5
~56.7%)5 H&elT AEMESES BUSD
Y ooy NFEE ol MHIERE,
1981) 7 L2 & ol x| RREfER A FIEY
aJfEtEe]l U= Aoz Egsich
EMMTEENS] M52 orange. grapefruit,
lemon%2] citrus byproductsel] H3l= HERH
= E1 H##e] NFE= %4 dgtod @£
ol BARE Efte] mISIED FAES, 1971,
1974 X%, 1975) 4th KROHEAHE, 6.6~
7.3%, NFE, 59.8~66.5% ;. &, 13.0~14.
4% )9 HEY « AR R EHS H
EAHE(7.12~10.35% )3 NFE(65.36 ~ 69.
88% )7k =1 HMHE(12.55~14.99) = ElY
c}.

B. #HMME 2 pectinzt TG
RA{LS

NDF&EBS #rol Aiol4 2 £RE vo|

2 ofgto i} ADFs¢} cellulose, lignin&ZB-S %
THa=k AE 7L SheLol fhdbed kel NDFell 4
ADFE f%B23t hemicellulose?] 8-S 7t
¥ KA e ligninzt sillicag Bo| o) f
BEMS s #Eg Aoe HES Il

Pectin® 4/l 7}z wko] &Fs1 g1
(41.5%) ARl HEitHol«— 2 &80 Malv}.
Pectin®- EH M LalEH+ ®ALH LK
7oz BEEMA AT FIEE] oo (Bowm-
anst McKinnis. 1960) KB R LG 4= 8 Mo
Rat PEEFE L SEEEC] TSV LR R
= ] dn esdly bdlelx EEEEEY FLESE
RSl HRR HEHol £ 4 o HoR oy
2tk Leng, 1970). Grapefruit, orange. lemon
% EIEMS| pecting B-2(Poore. 1934 Gad-
dum, 1934) #Rok el 2 £#4 gld ot
ol =tel ®WAEcln dd o Keffords}
Chandla(1970) % Nagy%(19771% %ol 32~
35%, IRl 30~33%, juice sacoll 18% F2RF
FHS o] EHEIEHILE RS v Ta
Adeh.

AR E R Sl 20.99%, Py 25.
82%, #eitiaol 33.48% 2 A #HitHol 4 R+

Fuch

C. #EHWH U el

EftmIEEYS] EmBHERES Table 20 4
B kel oh AA, R, EEHHRES 2 %
oL gout #82 SRl M Akl A st
Al Estelh EHEIESC BEEDSEL EHA
Bl WREA Hdte &R Jokn oowk
o EEMAEES B % o HES
Boom 43 Cagol Zoch.

HAEEMS Ko oHEAEE, 1971,
1974 E¥, 197519} AR%| 5ifEE H#&s)H
=, Ca, Zn. Mg, Fes} Y3 M52 @|EIES
©on dried citrus pulp(Kirke} Davis, 1954:
Hendricksonz Kesterson, 1965: AmmermanZ,
1966, 1968: Pascual®} Carmona. 1983)2t= 4
e 2 Eistodch. Dried citrus pulp?] Cag

—21 —
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gol 2 oA p“(‘!in”“l FREP D # F4l) 7
Sheked EEMEAl 4 Cal Fingt widios

Fralch,
Carotene fh - ShECZE /b4 ppatoed parget
Wtsael s bR Ghslel dddeh Al

carote nefz?i-fl elad %‘.) 2ol o) ole) o
AR BB 0 E L] v R v
off thel w0 G ‘MIL 9%t 2m  thiamin
sk nboflaving] &L E58o el EH3 310
dib. Bl CEHEIEY o (EEE, 1971,
1974 xF M08! w carotenes} riboflavine]

thiamin- & M-S ¥od 50 oolch, 7p#Es
oL 1§ . nH EH Ul gEno- Caxl
carrence] m Bol 5 T oelh Ao A )
o g AV Bl fel BRI )
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Table.3. Amino acid contents of Satsuma mandarin
byproducts*(g/kg DM base) (Experiment 1),

Amino acids Peel Mixed byproducts™*
Lys. 4,13 5.04
His, 1,98 1.88
Arg, 4,58 4,20
Asg. 10,07 9.03
Thr. 2,49 2.98
Ser, 2.97 2.90
Glu, 12,08 10.85
Pro, 6.79 4,62
Gly, 4,13 4,31
Ala, 4,26 4,43
Val, 4.07 4,46
Met. 0.37 0.29
Isoleu 2.96 3.42
Leu, 6.28 6.09
Tyr, 1.78 2.16
Pht, 3.40 3.71

% Values are means of 5 replications in each

sample

% % ° peel +pulp+segment membrane(35- 15: 10)

¥ FURC] BFRBAD BIF9S- wbAl Slol gl

el A MM LalEme
(Chapman®, 1971), #F2HtEmM(VellosoZ,
1974), seed meal(Driggers%, 1951) % <4}ele] %
(Bondi. 1942 Becker®, 1954)% 0 2 ¥ty
Iodont BERC BBe HBmI e BElE
¥y B BRL0] o} ®ub ohuel KB E1R0)
Aol gel ool <olelx2a FIRIE dol @
F8 Ao 2 AAzct w3 ARG T R
(1ol 45 EHm LEIEYS NFES} ozt
BaEo] ¥ pH7l Jo} RIFS B/ Aol
T dg Aew s dcl

Orange pulp= RES| «adelx HEs} ATke
3193 ° 7 (Bondi, 1942: Kirke} Davis, 1954) ff
Fiol flioll fhsl BT £EHS [
LAt #4559 cH(Beckere} Arnold, 1951

molasses



Hendricksonzt Kesterson, 1963: Van Horn#,
1975). B A4 @HEMEIEmA el A BE
FIR- ZiE(1074)0f fal B sl ol oo Bfgel
A= Fh01081, HE1981 00 Rk EHiaet
olg| = o] mtHMY MERB Bl AE
wo 2 EH LEIEDAel Al REE S K
el BEE Rhd Effol b

A A% FHM LEEYS ERAE HRS
24 glEy Mgl o <elelald RJiEshe
AR el HERRA @ @ ¥l K¢ nylon
bag DM if{t%S #MEsle & LaEIEM2
dolel 2| By 518 KEEEHS Qaxt RfTsh

et

Table 4. Experimental design(Experiment 2.

3.2.2. #¥ 2 HiE

A HEsis 3 R

®o%1sh @ st HEE EREskel AuelAE
siEshedch MBS 19835 2A%H FE 5
A7bal Ehseh el

B. MIZARE I AIYEIR|WE

R T Tl A EHSslel Vot SlEY &
Foll ey oA 7bx BEE) el A E WiE

shaeh.

Treatments
T, T, T, T, Ts Tg
No. of replication 3 3 3 3 3 3
No. of samples(Bt.)
per replications 5 5 5 5 5 5
No, of samples(Bt)
per treatment 15 15 15 15 15 15
Silage material Segment Juice Peel Segment - Segment+ Tg+ lime
membrane pulp Silage pulp pulp +peel stone
silage silage silage silage powder(2 %)

silage

T,& A (segment membrane), To- f+4 %
HaGuice pulp). Tae #hE(peel), Tic ARt
FABTREA(50:50), Ts v HMESRIA
o+ it + oS Rsked <bedel 2l & BiE
stgdom Toi= Kp#En 2@ Ca ftfrEMSE £
GERPFES HHERS 2% fn BEskich

EHMTEEDS EEHL °F 1L5¢(EE
WO THA THERS &, BPRIMTS
polyetylene vynil® ¥t T 30~40cm Z
ol & Erakstoict. oMM 10H, 208, 30H, 40
H, 50Ho #& 7w Fbral #HsIES
BN 154 @ 90Mel <toel xS BiEst

ek,

c. HEXE

25 2k 2] ) o] {H{LFE(nylon bag dry mat-
ter digestibility)g #Est7l $isked rumen
fistularS #£%% 1589 Corridale THIE (M E
o 40kg)g eI

D. A, BILEME

—REE s, elEtnl, EEHS KBz 22
HEer FHatach

iR el A= EiREREBA A 70C2 12
BER EiRsled MBS A& HEHSHC B8
© ZAEpE(1966)0] (#FEr Lepperfliegizo g 4
#rald o pHlES- pH metter(Corning ; Model—
17)% {#m3tsi 2= nylon bag DM #HiLR L K
Blol Ao} 22 HEkow FESAC
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gk e}, Ky EEE A el (T 76.22%, &

ikl 2l 2 (Ts): 82.92%, Ay abelel #)(T)):
3.2.3. R ¥ X 84.89%, fErH¥g4balel A1(T.):03.23% 24 T.
b oAb gk
A. EMEIEMAIYLIZ( oMK Azl o] KGEE R mué% § i 1 2o
BES W2 ow 7!<u ﬁéﬁu abal P g
EEY EMIEIEWmALe 2o Ryeage Ws HEiE THES fu? A atk.
Table 59} ztc}, pratakelel =l o] K &EC el 42 KE

Table.5. Chemical composition of mandarin pulp silages 50 days after ensiling (%) (Experiment 2).

Treat ments

Tl T2 T3 TA Ts TG

Moisture 84,89 93,23 76.22 89.82 81.92 76.92

Crude protein 1.22 g 2,76 1.04 2.04 1.85

(8.06%)  (12%)  (11.6%) (10.17%%) (11.26%)  (8%)

Crude fat 0.3 0.39 0.5 0.41 0.61 0.92

3.0 (5.75) Q.1 (4.0) (3.39) 1

Crude fiber 3.02 1.15 3.5 1.91 2.97 3.0
0% 7%y (1477 (18.75%)  (15.45%%) (13.0%)

Ash 0.89 0.44 0,93 0.61 0.83 3.18
(5.88%)  (6.5%) (3.9%) (6.03) (4.6%)  (15.06")

NFE 9,59 3.98 16.09 6.23 11.63 13.83
(63.44%%) (58.75%)  (67.65) (61.17%)  (64.32%) (59.9°)

NDF 5.2 2.71 9,11 3.78 6,29 8.74

(34.56%)  (40%) (35.3%0)  (37.16%)  (34.9%)  (37.87°M)

T, Segment membrane silage, T.: Juice pulp silage. T,: Pecl stlage. T, Seument+pulp silage.
Ts. Mixed byproducts silage. T, Ts+lime powder (2%) silage
Values are means of 15 samples in each treatment

Different superscripts represent significant differences (P ¢0.05).

( ): DM base

Ko&® T5~77%Owens%, 1966 AfE, 1969) aogigdcl,
Bobs ¥s ot FABEF(1071), wF 2k NFESES S 67.850%, [N 63
(1975), S%(1981), F-%(1981)0) @E Al 44%, Pt 55, Th% A BEEBIE DA frdke
2z KFER 80.6~84.0%9b= {Llst o shigol A4 3.2%, Al 7.5%, it 4
citrus pulp silage®| k%<l 84.83~89.0%(Bon- 11.8%¢] MAE Heli ddch
di, 1942; Kirke} Davis, 1954)¥c}e %/ ot g ago sk 14.7%, BiAW 17%, A
ot ebel A RKEE(Teell 48 K5H) BES B O20% 54 BEHIEDS HEk s B m}a}
S5%RE FolAct. HEpe s #msl s EESs 290 NDFS

mER HEAHSES MNA:8.06%, 4 o EREIEMR Haled el 4 29.84%, H
B11.6%, #EHH:12% 24 BE Hald % Boll 4 44.4%, PEittael 4 53.98%2 Eho
b ogns o, Kkl 4 s 34 s 2 oRelq olglrh, 4ol 2 gy o) g NFE®
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Fig.6. Variation of the quality of silages during the fermentation period (Experiment 2).

T,: Segment membrane silage. T,: Juice pulp silage, T3; Peel silage, T; Segment+pulp silage,
Ts: Mixed byproducts silage. Te: Ts+lime powder (2%) silage.
Values are means of 15 samples in each treatment.
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Fig.7. Comparison of the quality and NBDMD of the experimental silages (atter 50 days ensiling)

(EXperiment 2).

T, Segment membrane silage, T: Juice pulp silage, T3: Peel silage. Ty: Segment + pulp silage,
Ts: Mixed byproducts silage, Te: Ts+lime powder (2%) silage.

Values are means of 15 samples in each treatment.
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Fig.8. Relationship between Nylon bag DM
digestibility and L.A./T.A(%) on the
experimental silage (n=30)

pH, 7.42%, LA/TA % NBDMDE %
e A A FES T, ToToTo T Te
o) o =4 Sist BEMIexe MEHO
EHEL K #Ertast EBERERAD 7 TR

aaieh.

100 (%)

AL el =) gl A4 AH82 KGE

< MEA BES F 5 ot K5aEc
Aolwl shezabelel == pH:3.4~3.9%, FAES
B:.4.3~5.1%, LA /T A .84~85%,
NBDMD:86~89% #H¢ldu K, K5aE(80
~83% )0 tl& Fuwl &mAdel 2= pH 3.
4~3.8, FlEE&EE .5~6%, LA/TA 85~
87%, NBDMD:88~90% %] 54 @&t 4l
g mES e ek Z2eiv Ko SE
o] B%3H93.23%) T.o| BEHEMS TR
BEAQe| 4 ®gsr AaTeEsioic,

ol o}7+0 #EH = fresh citrus pulp®] K7 o}
83 ~ 85%7HAl % <bAle| < BERE L RIFsESiche
Hawkins% (19701, Becker®(1946:2] #4& 7} S
bl sl oleh, ShE4pelel <l vb R 4pad 2] %ol
sl SiEel EEE He AES HsHESE
o] ¥m NEF/} Z&d Ksted 4+ NEF7}
=1 H&H SR Fol el = ¢ BMRFEEA
A EES] Sho kil BES ¥
Hos #Esch

Kol #% S +Z2 ERmIaEHade
z Bligoll olo] A= Hhiol BEMAEL A7) B
Hald, F£HEE 408 gl R s
Ao HEW s )

=3
2B
5]

3.3. Koydgn=t el (K3t
EMEIED ALl A BLEt
an HATE A5 (HE3)

3.3.1. #&#&

EfmTEIEDS SRy R FRLE <
gl x5 giE MM 213 HRGER(KE2)
K3 HHREREE Y AHERS EIEY @
oz} 28271 Adodd BET k5 B &a
B Wrol LEtro]l #AEslddch

Aped el x) Bissel 4 @5 K52 pHERS 4L
A2 S] (€ F(Shaw, 1951)7F sz 1o
o KGAEGS 915 #§%&(Gordon. 1967: Zim-
mer, 1969) % SERCME SN(tEEK, 1965 BF,
1970) %o] «oleiz el RES HZEAA, K



% D1 melis

(palyim=~3id) Q1am)
A3 J1eq pajealy % 9°0 % Qg mr11s % Q1 meuass % 9°0 ade[is ageis
HoeN-t 0ty eaan 4 V1 Aoyaeq + 81 falieq -t 8] eoun+8]  sumixtw ding  aunmixitw ding [et1a sw adellg
juaweasy sad
8 Y 9 9 9 9 9 (s31110q)sadwes jo “oN
uoTies11dar iad
F4 2 4 4 Z 2 (4 (sa1110q)sajdwes jo ‘oN
€ € € ¢ € m. € uoriedijdas jo "ON
:,_. m:._. N_rr :._. c-,h m,—.
- T Susunmany
% 01
mells Aajdeq
pajesly %90 % 91 mells % g meIIS %90 (P331j1m-—oad) (18m)
. Hoen+ &1 vain+ ¥y Aajaeq- 1 A9r1eq4+ 1y roun+ 11 aBe[1s 1384 ade[ts [asyg [erialew a8eji g
juswienray agd
Y 9 9 9 9 9 9 Amv_:oovmv_a_:mm Jo *oN
uoijeotjdas aad
¢ 2 2 e ¢ ¢ ? (sa11309)sajdwes jo ‘ON
€ £ £ € € € ¢ uo1led|dal jo ‘oN
bh. w.—- m,ﬁ cP nlﬁ NF —..—u
SJUSWIEST ]

‘(¢ wewuadx3jubisep jeuswuedxy /7 oiqey

—30 —



BE WS 9lel B ESAn(Barnett. 1950 Huber
1968 -9, 1983) ®FH ﬁﬁ%’—kl. 914.
Citrus pulp silage®l #dl 4= sugar
cane(Becker®, 1946: Davis, 1954)x} molasses
#im(Aguillersl O'Donovan, 1975) %o DM
b FLEERERES X EAI 7ok HE L el Ky

BT 414} B E IRl RE A A
o) s aThEA T ok

KRB 20| U wol B BREAGHO]
Biae sl RAts FMdel el
(et K5 EE, M, BF 9 NaOHEmY Y
A el (Rl cbelelal S BE, A ELst
F#A L S HFO <1 nslon bag DM
fbss Btiorel EH CAIEDS WRe 4o
AR B R4 RiTeRch

1]
A

3.3.2. ¥ itk

A, HEBar ¥ #HER

Hihn 1 1Bl 4 Sty EEHd a8 #
s H5is B%22 HRE HEE KEH
e o EHHMRS 7 FRELshe] 4ksd el A
gl (FHsIvE ABEHAM-S 1984F 255
5A7b2 Btk

o, T
FER )

B. HHEAE A AIL2ANE

Eitr o EHREASHS RS shd K
THEES ek g el S R BE
4R (T,. Ty 3BEME] 3 PRk ARl A
w4 A KyREn % wse mE(T. Ty, £E
e o0.6%2 REGMT: Tiyw), 223 8% ¥
10% #m(Ty, Ty, 284 16% % 20% #=mM
(Ts. Tia), 28 &As REHRMT, Tiz), NaOHBE
Bis%ieeld 10% &T: T)2A # 12#
EHE Abalelx S RiEsH ol

Kool 7+ Ao EMEHIZ 64 # 72

o}—.E_

el Abelz s WY o Moo &
R FEE 60H HEE A 5

fEmskdch

- 31 —

C. #tEdXRZE

apedel Al e] #{bE(NBDMD)G @lwsh/] $lst
o] rumen fistulard ##3gt 398¢] Corridale 5

¥ (FHEEE  oF 40kg), RSk
D. Moo, BT ¥ HEtRIT

Waotrst fibE AES B2 4t e
HiEow, HimE: B%idl 42l ol Steelst
Torrie(19801 % Duncan®] new multiple range
testE FIRste gf78ksich

3.

3. #B o EBE

A, Al2|Z|e] —fHERS

3.

R bl el 21 9] EEF —#%#m 52 Table 8
b Fheh

EEIEm ALz KRS SEtde
z 7} 80.96%, BEMALSE| Xt 84.82%H 2
=, B¥l o3 #Eo =& AN
2| 2(To)ell 4 10%, B &ML A(TaN A 6%
B2Eel KoELE bstes, BRFESm 2

N

gt Kp®de g o, lié‘%i("ﬂuﬂv*fd]—: 4~
8%l Ko®W PRt Aur
HERESES SRbdel ZI T)) 9.26%, &

G ALY 2 (T 9.24 %2 A [FRtalEY HE
BMEER Hitd & ZE= o Akl A=
HAE g2 BEH A= ®nsdck

REHKM EBH 0.6%0 K3+ WEAE E
= ol A ERIE(T: 9.26%) HItd K
Fimn(Ts: 16.96% ol &kl 7.7% 2] BIE 2
dn BElAe EHME(To: 9.42%)el] Hesl
REHR(T10; 16.30)0 s 6.88%2 HmME
B4 HELH BMEREc HEAA 45.46%,
Bkl 4 43.56% 2 BWHAERE Jebi et

RFERN EfPALei e HEAE B
B Sqgsjdelz e FEALE A O
5%2 RES Hndld ERES 45~50% B0
417 Huber(1968), Colebrander®(1971) %



aseq WA ()

(S0'0)J) seouaiayjlp jueoyuds wasardar s3duos 13dns uaIdgjIg

juounjean; yoea ut sajdwes 9 jo suesw a1 sanfep

‘%07 Me1S A3[1Rq patedan) HOeN+O'L'P'L ‘%9 ean4 U1y €11 ‘gz mens Kapeq+8] 1] %01 mens Aapreq

+B8L U] ‘900 BAIm 467 :01] ‘aBeprs aimyxtw dind payim-a1g:6] ‘afets ammxtw  dind 19p1F] %01 mens Aapeq pajean; HOEN+EL ‘4L
‘90’0 ®BAIN4T] 9] ‘09| mens Aajreq+ VL5 ‘%R mens Aopeq+'1:%] ‘%90 a4 1] :€] ‘a8epis [sad paym-a1g 2] ‘aBe[is [oad PMTL

(L1792) (q£0762) (q¥2 82D (q5£°62) (q16:82)
- - - - 08°F 6L°9  69°% - - - - - £6'9 gL'y urisdd
(+26°001) (gL°991)(g6 051D (:2°612) (Gp'2oz)  (By/Bu)
- - - - 05’81 Ol'ee  se'ez - - - - —  BL°0S OOy @usiosed)
Call’€2) (495°¥2) (206" ¥2) (q18°23) (q08° 82
- - - e 4 SL°s gy - - - - - 85°9 19°¢ 4aN
(222 L8) (+68 75D (L8 L) (425709 (qub8 85) (9L ¥9X =98 59) (0297 L5) (ubS 75D (L2 L5) (4507 19D (qu66°85)(508759) (5L0799)
yL'gl 16701 bLUEl 8611 69721  S9'ET 2676 2yl €6°21  69°S1T  6F°Kl  08°11T  6I'6T 85721 FAN
oL (¥9°6) (L1°9) (2079 (89 (8°%) (956 (¥1°L) (88°9) (80°9) (16°S) (9e°6) (2876 (82°%)
15°1 21T Ev'1 61°1 81°1 221 ¥8°C L1 6€°1 19°1 ev 1 L0°1 $S°1 10°1 ysy

(456" 02) (£8°61)(556°22) (q50°02) (08°S1) (66 51D (68°51) (502761 (qu28°81) (518°22) (4£0°61) (b2 +1)1(e80°ST) (66 %1
L9 ¥6'E  EE'S 16°¢€ w'e, 9 12 Ly 9%’y §2°9 25V 68z  0V'¥ §g°z  J8q1) apniD

(8L°2) (89°¢) (ur'e) (or'ed (85°e) (0'%) (g6°g) (8y'ed)  (w'v) (96°€) (SU°v)  (Spvd (9v'v)  (ovH)

29°0 gL ¥L0 £L°0  LL7O 58°0 0970 18°0 9°0 601 6670 68°0  0£°1 80 1®) 8pnid
(q10°21) (96758 '6)  (o1276) (508°91) (o2v 6) (b276) (q95721) (5L9791) (:8876) (508°6) (596 91D(he'6) (29276

892 L1°E 622 261 15°¢ 86°1 vl e 6°¢t (e € 68°€  EL7Z 9L°1 utor0ad apni)
qELTLL 31708 qSL°9L 02708 qVP'8L  qL678L 28°08 qeSI1GL  qZE'9L q1973L q92°9L 400708 uEB'OL 596708 1a1epm

:,H n_h QP :.H o_.r m,—. m.ﬁ nu. 91 m,h n._. NP —,_.

sjuRWIes |

‘(g wawuadx3y) (%)sabeys dind wiopubw jo uoisodwo |edlwey) ‘g dlqey



-11983) %] @iel teotd B0 2

st %4 (ﬁU'El%

Efﬁfﬂ‘%"a’dl «1e] NFEZ&X HH#
olste % Wb 2
2efh welgsh RES e
FES @A
el A MM 24 NFEZE @EMsIglebrl ks
Lyl gwmol 2k MRS E
of ol gt MAEME Homol o8l HEr o2 NFE

el 2ol feabed 2

2 Kol

gl 2

w23 met NaOHpEE 2
A

i
shabad Rl %

= B

ool
rU\M

o) ‘gl
dot HEMES gl
H#EsAl NFE

sl

o

o
sl

oleigt R~

o 2 RFEHM

b @bxl e HEEsich

Huber(1968), Clenbrander%(1971) % %
(1983)1% 2 Srraadel ol RES HMNE
NFE7} fi&ehAl @ibsicln sted K7 8
Lk #E95 #eEeksich

Apele] 2] MRS 29 &l 23k

o HEshA femsg o RERMA K r‘ﬁi
bsl o
o] my<=
7l ¥oh=

delch. REMmAlel 2| o] HkiS

. %ol o4 SRS 0) nwﬂfq
HEMHGE Hindl o3t HEHE M
#Es odel, NDFe| 582 ®E29 4hy

[ ey
kAo ol a, RFAEMA &

shol s - MR

t}oll oloiL'r

PectinZ 8- E¥EFe 48(Tablel 283)
o Hated BAEI MAE Yo BIREEEHS A
pectino] FIRIS & o9& MEEA egom ol

3 HES b v x| Bl ‘1 pectin®| EREFFIH
g #Ea Leng(197000] B R fKetod siut

Asl o oleh

o]

o A4 Bl 27 w0 BER
oyl AL FEEIEYS| carotene F

Carotene 5 &

Apde Azt %

Bol BaHuct ARl Foug o ¥
o Zlch, 22k carotene R B <19 2| 2| g%l
sl MAsl ek
B. pH. HHAE
KoHRES S naA dmek REFER e
o} 2 pHol HiRE 58 %{t= Table 9, Table
100 4} W= wbel e}
g9 vl Rint pHol §282 vidzl o
orouf WFF M fka ET EBA 4 Fola
2 olgdeFigy 3HE).

EHEIED A el 2 8GER RFE R K
ERL —mtiE 4L 2] K KERME
pH7} F83ted el Huber(1968)%2] #i&9l 8

Table.9. Organic acid content and NBDOMD®™ of mandarin peel silages (Experiment 3).

Treatments
T, T, T, T, T, Ts T,

Moisture (%) 80.96 70.83  80.0 76.26 72.61 76,32 75.15
pH 3.7 3.6° 42> 3.6° 3.6 4,2 4.7¢
Acetic acid (%) 0.382 0.42*  0.65>  0.4° 0.46  0.36% 1.03¢
Butyric acid (%) 0,08  0,09%® 0,06  0.1° 0.0s*  0.0% 0.11%
Lactic acid (%) 3.15° 2.¢4% 2,53  4,00° 3.5%  2.64° 2.54%
L.A./T.A, (%) 82.89°  80,20% 70.94®  85.08¢ 81,99° 82.62¢  60.86°
Fliege's score 85° 852 858 852 go2b 100® 782

NBDMD (%) 81,01  79,97™ 84,16° 69.39 62.4*  76.81°>  69,97°

T, Wet peel silage, Ty:Pre-wilted peel silage. T3:T,+urea 06%, Ty:

T, +barley straw 8%, Ts:. T,

+barley straw 16%. T,:T,+urea 0.6%. T,:T;+NaOH treated barley straw 10%,
Values are means of 6 samples in each treatment.

Different superscripts represent significant differenc
*Nylon bag dry matter digestibility.

es(P <0.05)
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Table 10. Organic acid

content and NBDMD?:of mixed mandarin pulp silages (Experiment 3).

Treatments

Ts Ty T Tn Ty, Tig Ty
Moisture (%) 84,82 78,97  78.44 80.20 76.78 80.12 77.73
pH 3.5% 3.42 4,0% 3.6%b 3.58 4.0b 4,3°
Acetic acid (%) 0.38° 0.46° 0.53%  0.38° 0.34% 0.7° 0.89%
Butyric acid (%) 0.022 0.1} 0.08% 0.05% 0.07% 0.052 0.0g*b
Lactic acid (%) 3.46° 4,59 3359 3.28° 3.500 3.092 4,03k
L.A./T.A. (%) 85,42  86.34> 79,252 g4.08®  85.17b  84.84P 73.852
Fliege's score 95b 95b 852 95P 902> 95 852
NBDMD 79.64>  81,11>  88.08°  73.164  71.44%  82.07b  77.560b

Tyx: Wet pulp mixture silage. Tq: Pre-wilted pulp mixture silage, T,,: Tu4urea 0.6%. T,, . Ta+barley
straw 10%. T,s: Tu+barley straw 20%. T,,:T,+urea 06%. Ty Tho+NaOH treated barley straw
10%.

Different superscripts represent significant differences (P <0.05)
KNylon bag dry matter digestibility.

Values are means of 6 samples in each treatment

%
100 pH
4.2
& J
S 90 NBDMD
i / pH/ lag
E; ol
i . L AT
iso R ,
LA'TA _13.8
; NBDMD
._] /
a NBDMD
§70 R
@ / 3.6
z. /
60 e j | o 13.4
uTéa ; NPT -
e 0 0.6% 0 0.6% 0 0.6%

(Peel silage added
barley straw)

(Pulp mixture
silage)

(Pulp mixture silage

( Peel silage) added Larley straw)

Fig.9. Effect of urea addition on the mandarin pulp silages (Experimente 3),
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Table 11. Expermental design (Experiment 4).
Treatments
Control(0% ) Peel 5% Pee! 10% Peel 5%+ Pulp 5%
No. of replication 3 3 3 3
Noﬁe:frgs;icckaetnion 10 10 10 10
et resiment 30 0 3 2
Substitution level Control Mandarin Mandarn Mandarin peel 5 9%
of citrus byproducts 09% peel peel +
5% 10 % Mandarin pulp 5%
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Table 12. Formula and chemical composition of experimental diets (Experiment 4).

Starter diet

Finisher diet

Ingredients (%) Contra l;e;: foeﬁ/l') P;fllpsg(‘;:' Control gegzl T(;?;lq, Siel:)ssgg:'

Yellow corn 63 63 59 59 69 69 65 65
Wheat bran 4 - - - 3 - - -
Corn gluten 2.5 - - - 3 - - -
Citrus peel(pulp) - 5 10 5@) — 5 10 5(5)
Soybean oil meal 27 21.5 20 20 16.5 17 16 16
Fish meal 6 7 8 8 5 5.5 6.3 6.3
Tricalcium phosphate 1.0 1.0 0.8 0.8 0.9 0.9 0.5 0.5
Oyster shell 1.2 1.2 .9 0.9 1.1 1.1 0.7 0,7
Salts 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
*Other supplements 1.1 1.1 1.1 1.1 1.3 1.3 1.3 1.3
Total 100 100 100 100 100 100 100 100
Composition( %)
Dry matter 87.4 87,5 87.0 87.1 87.1 86.9 86.7 86.8
Crude protein 21,30 21.40 20,90 19,93 18,10 18,19 17.98 18.08
Crude fat 2,97 3.00 3.02 2.98 2.62 2,68 2.79 2,64
Crude fiber 2.69 3.09 3.20 4,00 2.25 2,86 3,01 3.51
Ash 5.35 5,37 6.10 6.10 5.25 5.08 5.69 5.80
NFE 55.09 54,64 54.15 54,90 58.88 58.08 57.23 56.77
Ca" 1.1 1,16 1.17 1.17 1.03 1,17 1.08 1.08
P 0.71 073 0.74 . 0.7 . 0.69 0.0 0.71  0.71
**MECkeal /kg) 2,015 2,924 2,924 2,92 3,002 3,004 2,98 2 98

% This is composed by the following:

methionine.
% % Calculated values.

E. BARE
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Table 15. Experimental design (Experiment 5).
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Treatments
Control Pee!l 5 % Peel 109; Peel 15% Pulp 5%
No. of replication 3 . 3 3 3
No. of hens per replication 10 10 10 10
No. of hens per treatment 30 30 30 30
Substitution level of Control Mandarin Mandarin ~ Mandarin  Mandarin
citrus byproducts 0% Peel 5% Peel 10% Peel 15% Pulp 5%
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Table 16. Formula and chemical composition of experimental diets in layer (Experiment 5).

Treatments

Ingredients (%)

Control Peel 5% Peel 10% Peel 15%  Pulp 5%
Yellow corn 60 60 60 55 60
Wheat bran 10 5 - - 5
Soybean oil meal 16 16 16 16 16
Fish meal 3.5 3.5 3.5 3.5 3.5
Dried mandarine peel(pulp) - 5 10 15 5)
Tricalcium phosphate 1.1 1.1 1.1 1.1 1.1
Oyster shell 8,2 8.2 8.2 8.2 8.2
Salts 0.2 0.2 0.2 0.2 0.2
*Other supplements 1.0 1.0 1.0 1.0 1.0
Compos it ion (%)
Dry matter 89,83 89.7 89.24 88.92 89.82
Crude protein 15,98 15.86 15,73 15.15 15.83
Crude fat 2,78 2.55 2.43 1.99 2.18
Crude fiber 2,85 2,18 3.07 3.51 3.21
Ash 13.10 12,94 12,74 12.15 12.54
NFE 55,12 55.57 55.37 56.15 56.05
ca** 3.19 3.23 3.28 3.31 3.21
p** 0.63 0.61 0.59 0.58 0.61
ME(keal /i)™ * 2,683.0 2,690.5 2,689.7 2,679.0 2,684.0

% This is composed by the followings:
choline, frazolidon.

% % Calculated values

gi%e| #&ES Roche(1971)12] IR&EEEE
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4.2.3. R o BE
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HERRA u|i]+ @#E-S BEiystd Table 173}
7t

WE# 2058 henday #ZFPZ ¥ henhoused #F
Dpgrell ket REER EIRRES HEBREMAE
5%t 10% K EBEs HBEA Hitd HEo
oy BUREE ¥ HitH sxBEs HE
Al TS e P<0.05).
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Table 17. Egg production, egg weight, feed consumption and feed conersion (23—42wks)

(Experiment 5).

Treatments

Control Peel 5% Peel 10% Peel 15%  Pulp 5%
Hen-day egg prod.(%) 81.7° 82.5P 81.7% 78.9% 81.4°
Hen-housed egg prod.(ea) 113b 112.9% 113.5° 103.22 110,3%
AV, egg wt.(®) 62.1° 61.6° 61,42 59.6° 61,250
AV. egg mass/henday (g) 50.74% 50,82b 50.16® 47,028 49.82%P
Total feed intake(g) 531,244.7°b 530,123.4% 538,338.0® 526,287.7%  537,601.0°
Daily feed intake(g) 128,22 129. 2% 129.8° 127,02 128.0%
Feed conversion 2.528 2.54% 2,58 2.7° 2,55

Different superscripts represent significant differences (P<0.05].

Values are means of 30 samples per each treatment.

5%l A kst A& LA o) Fof Alw|
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Tabie. 18. Body weight and mortality (23—42wks) (Experiment 5),

Treatments

Control Peel 5% Peel 10% Peel 159% Pulp 5%
Initial body wt. (g) 1,266.6 1,230.0 1,249,9 1,349.9 1,224.9
Final body wt.(g) 2,216.6 2,185.8 2,218.3 2,335.0 2,219.1
Body wt, gain(g) 960.0 955, 8 968. 4 985.1 994, 2
No. of hens dead 1 1 0 2 1
Mor tality (%) 3.3 3.3 0 6.6 3.3
Values are means of 3 replications per each treatment
Holx dgteo=, EFMMS i@ vie BE Bisle] gy ®% CE% 4= EHlsr M|

e Fig. 18l 4gb ghote}

AWy FEINBS] @k W BT 15%8
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Fig. 18. Changes of body weight during 23—

42wks. (Experiment 5).
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Table. 19. Egg yolk color, shell and yolk ratio, cholesterol content, and non-shell eggs
(Experiment 5).
Treatments
Control Peel 5% Peel 109 Peel 15%  Pulp 5%
Egg yolk color a ab ;b b :
(Roche color index) 10.92 11.78 12.76 13.04 11.34%
Cholesterol b b
(mg/100g whole yolk) 1395,82 1389.0* 1,538.0 1449, 0* 1416 0
Cholesterol ab a - b a ~a
(mg/100g whole egg) 477.1 416.8 508.1 430.8 432.6
Cracked shell eggs(%) 0.94> 1.21b 0.93% 0.172 0.33%
Soft shell or non-shell b cpab b b
, 1.0 . .24
oggs (%) 1 0.56 0.71 0.24 0.69
Shell wt. per whole egg (%) 10.672 10.892 11.343b 11,218 11.54°
Yolk wt, per whole egg(%) 29.85° 30.09° 29,042 28,622 29.22°

Different superscripts represent significant differences {P<0.051.

Values are means of 3 replications per each treatment
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Table 20. Nutrient utilizability (%) (Experiment 5),

Treatments
Tg Ty . T Ty Ty
Dry matter 76.7° 77.1b 72.0%0 59.8° 72. 9P
Crude protein 64,7 65.0° 56,280 43.6° 50,130
Crude fat 78.4° 80, 0° 79.2b 69.12 71,20
Crude fiber 48,6° 48.,9° 40,12 41,78 39,68
NFE 88.6° 89.2° 89.7° 88.7° 86.9*

Different superscripts represent significant differences (F<0.05).

Values are means of 3 replications per each teatment.
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Table 21. Experimental design (Experiment 6)
Treatments
Control Peel 5% Peel 109 Peel 15%
No, of replication 3 3 3 3
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Table. 22. Formula and chemical compositions of experimental diets in swine (Experiment 6).

Treatments

[ngredients Grower Feeds Finisher Feeds

Control Peel 5% Peel 109 Peel 159 Control Peel 5% Peel 10% Peel 15 9%

Corn 68.3  68.3 68.3  63.3 69.3  69.3 69.3 66.3
Wheat bran 10 5 - - 12 1 2 -
Dried citrus peel - 5 10 15 - 5 10 15
Soybean meal 15 15 15 15 13 13 13 13
Fish meal 3.5 3.5 3.5 3.5 3 3 3 3
Tricalcium phosphate 1 1 1 1 1 1 1 1
QOyster shell meal 1 1 1 1 1 1 1 1
Salts 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Vit-min, mix!’ 0.5 0.5 0.5 0.5 0.4 0.4 0.4 0.4
Amino acid additives?’ 0,1 0.1 0.1 0.1 0.05 0.05 0.05 0.05
Antibjotics®’ 0.05 0.05 0.05 0.05 0.03  0.03 0.03 0.03
Others*’ 0.25 0,25 0.25 0.25 0.10 0,10 0.10 0.10
Chemical compositions

Moisture 12.09 11.92 11.88 11,92 11,91 12,17 11.99  12.96
Crude protein 1711 16.97 16.82  17.00 15,10 14,95 14.84 15,16
Crude fat 3.64  3.68 3.73  4.20 3.24 3,27 3.32 3.74
Crude fiber 3.58  3.49 3.31 4,02 3.64 3,61 3.58 4,26
Crude ash 5,29 5.2 5.26  5.38 5.41  5.38 5.25 5.43
NFE 58.34 58,77  59.11 57.5%6  £0.53 60.88 61.22  58.23
M.E. (keal /kg)™ 2996.5 3001,2 ~ 3006.5 2975.5 3013.0 3018.3 3023.8 3003.7
ca@)* 1,00 1,06 1.13 1.2 0.95  1.02  1.10  1.17
P 0.69 0.66 0.63 0.6l 0.67 0.64 061  0.59

1) Vit.—Min. Mixture contained the following per kg of premix: Vit A, 2.500.000 IU: vit. D3. 500.
000 IU: Vit. E. 101.000 1U: Vit. B, 750mg. Vit. B2, 1.000 mg:Vit. B6. 200 mg; Biotin,
100mg: Choline, 50,000mg; Niacin, 4,000mg; Vit, B 12, 3,000 micg; Ca, D, Panthothenic

acid, 3,300mg; Zn, 25,000mg; Mn, 12,500mg: Fe, 40,000mg; Cu, 4,000mg; Co, 150mg; I,100mg,
Amino acid additives contained the premix of 45% D-L-Methionine plus 98% L—Lysine.

3]

B2Llb

Antibiotics contained 100g of Zinc Bacitracin per kg of the premix

£

Others contained the followings: feedcurb. hog nectar. etc.
% Calculated Value.

o] FERES fREisled sl giclzh  cholesterol el #3153 ch.  cholesterole Itoh({1973)% 3}

Srifoll (EReH k. Ryanz} Gray(1984)12| fkg OiMsled #@iEst
steh.

H. {tB54 Y KETRE MatlEB 3 S KK 1 ol|lxek ko] Steel

2} Torrie(1980) ol #kste] HERES SN

kel ¥E2l —#d@mkm 2 AO0AC(1980) 77 sld 7 Tuncan O 2 HEBAS KTt



4.3.3. #F 2 %
A Al GHREDE ¥ EHEKE

Bl BHEE W AL FEEHER
B, AXERL 9 wEE Table 2320 3o}

B ol A4 ¥ I
el fbal 10% el 4] pobalan gl oo P .05
foE R FiE s G ot IREAIEE (X
B e hnol] whol SEnsi s tAE Mieh B
HEREY HEXL - flod ¥iidnd freled
5%k 10% el 4= %L [ bxl B 15% laed]
A= s ar glgleh

A 4 misEst GRHRTRY HBEl
Hesbed 5%sh 10% kel 4= fHESA wobx
Aok P05, 15%kEl 41 HEA Y ¢lol
ch BHEEFED HEA- 9.104 HE S
B REBKE & Uudl ab el vhmpa] i R R
oo 15%lEel 4 B Fshaich

e 2D MR FRRBIES 10%1K
Bl 5% U IR0 15% (B B #BARD 6] TRC. 2 #
BlEol] Hi 0% KEREsE 5% ka4 HE
aHAl obxan ¢ledvhiPen oz,

AR LA B ol 4] 15% B 8] FFhaiL
B ETHEAES 5% ER o 10% A Hel
15% fKEEe) BEREHE energy, HIBHE W &
HMEGEC] datnl alFo s fEpse oledl
e EEe BER S B o < B Hefmsh
of Mgk SEe] Tobddl abe} gbdclal &
Peterson(1969 !} Bairdi(1974:¢] #i7} 5l 4kzl
s gleh gk ration®] ol X HE -
BEBEES HEMO.L Hmlvlv rations] ]
SRS EHPy oy <) K [ -8k iR
T 5~9%7hA - HEMBESN BEL T4 @
+=tt= Boenker%(1961;, Nolands} Scott
11960), KuryvialZ(1962), S[%019851¢] # &
= 1ER oo, GHREMHAES 5% KE7
KEsld e v & mHEAY HRAEE mL
HEHEIRE) 5% TR g Mol K&

WEED
[
h=S
o
ol
0
~o
i
i
m
O

A HERER] MAEESEL WEEA HES
T2 erordd Ao BE=ch KEd =K
ol 4 g RIS AT ol 2 #inMulholland
%, 1960: Hale%, 196819} (KREAHE W obvl\
B B VEEE Toll 4 2] ofl f %] 5 fn(Clawson.
1967 1= HEBFS gFEAIA A Kbl gl #
ok ol "4 AREE2| SEB S%ICEES 10%1¢
e Eieig g win HERES] KU R
Iﬁﬁl%uﬁbﬁﬁﬁ 6772.1Kcal " H 738, iBE 1A 9129.
4Kcal H/2F 1o ttéled 5% REE(F KL 6902
8Kcal/H/8F , IEFE M 10292. 4Kcal B 7319} 10
% fCESE B RN 7065, 3Kcal B /58, IBEH# 106
74.0Kcal /B 881 2] K3 1] WEEe] ] oA
OB HESIACH

Dried orange pulp& &2 fUEst Eiﬁ;\:
Es s Boll 4 Baird%(1974), Cunha%(1950")
dried orange pulp?| EI¥HEEZ rationfqe| o L*]

2| &gl abel 40 78~97%EES| ¥R
Q18-S Wslel o dried grapefruit®] X%
fEFe A Velloso%(1974)+ FEREBKES
IO%E}‘—F— 2’5}. %ﬁﬁ:c O|EI>

AR EEBEE b Fig 1991 7beo] 38
W7hxl v EEMEC XE/ glood EES LIEY
Ht 5% fAEE 10%AEEe] BIEe] 27
7 Ehnsla-ol g el

olelat #h4i= fresh tangerines FHKILHK
off foHiel = gt EE EEEC] &K 5
H 2% HEscls Cunha%i1950°)2 @it

kg
3.5
Z 3
T
- B Control
2.5 - Peel 5%
Peel 10%
Peel 15%
2
0

1 2 3 4 5 6 7 8 9
Wecks

Fig.19. Daily feed intake during experimental
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Table. 24. Carcass quality of experimental pigs (Experiment 6).

Treatments
Control Peel 5%__—“ Peel 10% Peel 15%
Live weight (kg) 81.16 84,34 87.21 81.85
Carcass weight(kg) 61.93 66,38 69.86 64,17
Carcass percentage (%) 76.3 18.7 80.1 78.1
Backfat thickness (cx) 3.9% 3.7® 2,80 2.52
Carcass length(cm) 78.8 81.4% 87.3% 88.1°
Loin eye area(cd) 29.8° 31.6° 35.9® 36.1°
Backfat cholesterol 539.0 545. 3 442.3 108,17

content (mg /100g)

Different Superscripts represent significant differences 1P g3°.

Values are means of 3 replications per each treatment
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eSS 2ot
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Table. 25.Digestibility of experimental deits
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according to stage of growth (%) (Experiment 6).

Treatments

Growing periods

Fattening periods

ol

Control Peel 5% Peel 10% Peel Control Peel 5% Peel 109 Peel 15%
Dry matter 83.08 8533  85.87  82.78  80.08 81,70  82.52 80.20
Crude protein  78.49% 84,00® 80,59  77.92® 74,11 76,41 75,93 73.82
Crude Fat 57.5 57.78 60.11 61.15 510.00 18.00 48.50 52.91
Crude Fiber 41,5" 42,002 43,702 18.11% 44,832  45,73% 47,912 52,76
Nitrogen Free  87.1  88.81  89.61 86.58  84.37" 87.54® 88.31®>  85.10
Extracts B )
Different Superseripts represent signifrcant diferences P aias
Values are means of 3 replicatons per cack treamment
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Fig. 21. Relation between carcass rate and daily gain, daily feed intake (Experiment 6).
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Table 28. Amounts of daily feed and DM intake (kg) (Experiment 7).

Treatments
Lactation Ty T, T, T,
period  Cow No.
1 2 3 4 5 6 7 8
Feed intake
early  11.632 11,22 12,3% 13.0b
Concentrate
late 4.8 4.8 4.8 4.8
early — 9.8 9.3 9.85
Silage
late - 10 10 10
early  11.63% 21.0® 21,6 22.85°
Total
late 4.8% 14.8b 14.8% 14.8°
Dry matter iantake
early 9.982 9.6° 10.62° 11,2°
Concentrate
late 4,1 4.1 4.1 4.1
early - 1.9 1 5 2.2
Silage
late - 2.0 2.0 2.3
early 9,98 11,5 12.3% 13.4b
Total b
late 4,12 6.1° 6.1 6.4°

Different superscripts represent significant differences(P<0.05).
To: Control. T, : Pulp mixture silage. T.: Urea 0.6% +pulp mixture silage. T4: Urea 0.6% +

wheat bran 5% +pulp mixture silage
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Table 29. DCP and TDN consumed by cows per day*(kg) (Experiment 7)

Treatments
l,ac_tatiOn Ty T T, Ty
period Cow No.
1 2 4 5 6 7 8
early 1,202 1.15% 1,272 1.34°
Concentrate
late 0.50 0.49 0.49 0.49
- | early - 0.12% 0.193b 0.25Y
l Silage
late - 0.142 0.20% 0.25°
early 1.20° 1.272 1.46° 1.59%
Total
late 0.50% 0,632 0.692 0.74b
early 7.58% 7.30° 8.063> 8.51b
Concentrate
late 3.19 3.12 3.12 3.12
early x 1,412 1.472 1.80®
TDN  Silage
late = 1,492 1.55% 1.80°
early  7.58% 8.71% 9.53b 10.31®
Total
late 3.1 4.61b 4.61° 4,92

T.: Control. Ty: Pulp mixture silage. T,: Urea 0.6% + pulp mixture silage. T,: Urea 0.6% +

wheat bran 3% +pulp mixture silage.

Different superscripts represent significant differencest P<0.051.

% Calculated from experimental silages and concentrates only
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Table 30. Live weight changes during the experimental periods (kg) (Experiment 7j

Treatments
L.actation -
period Ty Ty T, Ty
Cow No.
1 2 1 2 1 2 1 2
. early 576 582 615 670
[nitial wt.
late 578 660 574 5492
, early 612 602 628 701
Final wt.
late 615 705 622 /40
early 36° 200k 132 31b
Increased wt,
late 378 45° 48> 48P

o: Control, T;: Pulp mixture silage. T.-
wheat bran 5% +pulp mixture silage.

Urea 0.6% +pulp mixture sifage T, Urea 0b% +

Different superscripts represent significant differences (P<0.05!.
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Table 31. Milk production (Experiment 7)

(kg/day /head)

Experimental
period

Treatments

Pre-lactation period

Post-lactation period

Toa® Tien Tasr T Toer T Taer Tacws

Milk yield Pre-experiment 22.26 23.76 25.78 29.38 18,87 19.83 19.45 18.21
1(April) 22,01 27.64 30.22 31.91 18,07 20.32 19.94 18.65

T(May) 19.87 26.22 31.80 29.79 15,13 17.06 17.57 14.44

HiC June) 16.43 24,26 27.93 25.56 9,20 11,55 11,59 8.34

Whole 19.78 25.94 29.83 29.20 14.45 15.95 16.00 13.39
keM T Preexperiment 18,91 2030 2171 27.05 1850 20.23 18.13 17.63
[CApril) 19.00 23,36 26.04 29.41 17.73 20.43 18.63 18.86

T(May) 17.10 22.19 27.42  27.52 14.75 17.17 16.48 14,63

IiCJune) 14.22 20.50 24.07 24.42 8.93 11.67 10.79 8.44

Whole 17.06 21.93 25,73 26.98 14.18 16.13 14.95 13.61

Mk Tat | Pre-emperimet 0.6 0.2 016 1.0z 073 0.82 069 069
yield [(April) 0.68 0,82 0.93 .1 0.70 0.82 0.1 0.76
I(May) 0.61 0.78 0.98 1.04 0.58 0.69 0.63 0.59

M June) 0.51 0.72 0.86 0.92 0.35 0.47 0.41 0.34

Wheole 0.61 0,77 0.92 1.02 0.56 0.65 0.57 0.55

To: Control, T,: Pulp mixture silage. T: Urea 06% +pulp mixture Ty: Urea 0.6% + wheat

bran 5% +pulp mixture silage. *(

) Cow number

Table 32. Chemical composition of milk (Experiment 7)

(%)

Exper imental

Treatments

period Pre-lactat ion period Post-lactation period
Toa¥ Teew Tow Taen Tor Tieo Twer Tacss
Moisture Pre-exp 88.37 88,44 83,68 88,00 87,79 87.44 88,41 87.82
Exp, period 87.81 87.96 87,714 87.73 87.93 87,76 83,36 87.69
SNF Pre-exp. 8,6 8.53 8.39 8.52 8.35 8,72 8.06 8.40
Exp. period 9.1 9.08 9.17 8.64 8.22 8.19 8,06 8,21
Milk fat Pre-exp, 3,03 3.03 2.93 3.48 3.86 4,15 3.53 3.78
Exp. period 3.08 2,96  3.09 3.63 3.85 4,05 3.58 4,10
Protein Pre-exp 3.35 3.41 3.11 3.29 3.56 3.62 3.60 3.42
Exp, period 3.31 3,42  3.19 3,45 3.59 3.59 3.61 3.43
Ash Pre-exp 0.70 0,69 0.7 0,69 0.67 0.68 0,68 0,68
Exp, period 0,69 0.68 0,71 0.70 0,69 0,68 0,69 0.66
Lactose Pre-exp, 497 5,02 4,81 4,71 4,53 4,45 4,52 4,48
Exp. pertod 5.00 4,84 4,94 4.5 4,52 4,42 4,34 4,45

T,: Control, T;: Pulp mixture silage. T»: Urea 0.6% +pulp mixture silage. T3: Urea 0.6% +
wheat bran 5% +pulp mixture silage. %(

) Cow number
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Treatment Animais(ea) Materals Moisture (%)
Ty 3 Italian rye grass hay 14,9
T, 3 Hay + Raw mixed mandarin pulp silage( MMPS-Raw) 83.4
T 3 Hay + Prewilted mixed mandarin pulp silage 6.6
2 (MMPS-Prewilted) .
T, 3 Hay + Raw Peel silage(Peel S ,-Raw) 80.19
T, 3 Hay + Prewilted Peel silage(Peel S-Prewilted) 76.4

Apoel A(To), BKGFE) EHEokr kel el 21(Ty),
BEs S5 BHAK(T)) 5 SRBE) 4
3gRe| HRES BT

BT BEIRLS BA% & 8H. &
% & 6HMCT ahslch
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gl fgHersd ot olule bl s g E Felel < #RAES NFE= sz @Gy
V1984 SHel BUEE REE S (FHek te B o "1 HEHE - REmNA Fob |
ch, #Ee)l el el 48] -3aNkEE kel Frel (sl #ES wba oldeb 4zl e pH
4 SHES- Table 34sh gl WO R R Rl 4 B ko] e ¥
Table 34, Chemical composition of hay and silages (Experiment 8)
o Treatments _
Italian rye .
_grass ha) Exp, silage
T, T, o T, T,
Chemical composition(%)
Moisture 4.9 83,4 6.6 80,19 76.4
Crude protein 8.14(9.56) 1,51(9,08) 2.1409.14)  1.88(9.47)  2.26(9,58)
Crude fat 2,51(2,95) 0.67(4.01) 0,97(4,16) 0,84(4,24) 1,03(4.37)
Crude fiber 25,54(30,01)  2,59(15,58) 3.60(15.37) 2.98(15.04) 3.51(14.89)
Ash 5,04(5,92) 1,07(6,46) 1.52(6,48) 1,22(6.15) 1,45(6,14)
NFE 45,87(51,55) 10, ?7(h1 87) 15,17(64, 85) 12 90(65 12) 15 L33 65 02)

pH and Organic acid

pH -~ 3,58
Acetic-acid (") - 0.58
Butyric acid(%) — 0
Lactic acid(%) -~ 4.24
LLA/T. A, - 82,98
Fliege’s score - 100

3.5 3.55 3.65
0.50 0,48 0.68
0 0 0.02
1,68 5,17 4.8
85,23 87.77 83.63
100 100 95

T... Italian rye grass hay. T,
Raw peel silage. T,
( ). DM base

Values are means of

Preswilted pecl-silage

ol 4| RERE G E S K GRYA
olel EeEp2st EE3°

g sk bl el 4
LASTAE fEmelv
RS Bllekeich,

E. f3FeRAE

gE u Rl el <) = ol A 9Bl 9 T 6ol
15206 #EEsch B RS g Bl
ol R E il fhEEd v AEEED Y
shed 2bFEA BN Lr ol A skt EHH
spedelx) ghE(T, ~T ek Afelel < B &
HIFR(7.0kg/8H/H )22 %ﬁéﬁié}ﬁl &E= 1H
IEE 5002 <blel = K4ER Eaol HIFR kst

- Raw mixed pulp

silage. T

Pre-wilted mixed pulp silage. T,

3 replications in each treatment

b EAERRHE(T )= &&=k ofal 1. 5kg
Aul tkges & 2.5kg H IR L pE fhHES
riLI».

F. &#2l I

el W gEe] BES 1H 20 fFRLHE
el Wk «ﬁIJLoWI gokE-S 18 1@ #E
ik, HER- EEHAE Ealol 18 208 ki
dle TR 5 ‘(F'Ji”mi_o.ﬂ'% R RS 5%
R 45 B Hiske] 5N¢| HoSO.E 2~
3@ fosb 0 0~4TE  SREEA JRESE
¥O @orgREe 10%4S% Hsld 70T dry



ovend| 4 12BYR G044 5 Spdiel BRjeryd
vh, VIF As s wi o) pHagi (e &) NH,-N2 BE 5
ek W] bR BSEMGHED BT ohroor B
®iHngg oBEm WlES 9 10 &3t
o) U el HORKSE 23,8 ngs # —20C
SR G ol dr el (EE kel ok

50} fistularo-

G, LBt L #HarKiE

SBpfakisl & WO B S AOAC
1980 1+ slebsdivk, Total V.F As, B5E2S Fen-
nersr ot 1963 21 i ©1avs], individual
VIE As o Ersn o6l 00 kel Hgled

liquid chromatographviMaodel - shimadzau GO -

gas

RIA) 4 @iEselch. (Column: FAL-M 10%
on shimalite TPA, 60/80 mesh, 3mm I.D.X /m

glass,

FID).

ot wmrgsl 5
2 RfTebddch

5.3. HR ¥

Carrier gas;

N: 40m¢ min. detector:

Bl At e HEo

=

A DR, kR ¥ HRE

Brt iR, BOKE % BERES] RS Table
35 9k Fret,
R EOL HHIAL A A A IS 0.76

Table 35. Result of digestion trial when fed mandarin byproduct silage and hay to

sheep. (Experiment 8)

Treatments

T, T, T, T, T,

Mois ture (%) 14,9 82.4 6.6 81,1 76,4
Feed intake (DM ky/day)

Citrus byproducts silage - 0,3839 0.4010 0,3802 0,3877

Italian rye grass hay 0.6739 0.3921 0.3791 0.3817 0.3755

Total 0.6739% 0,7660° 0.7801° 0,7619° 0.7632b
Water intake(kg/day) 5,812 6,7620 7% 7,740 9,34¢
Fecal outhia(HM kg/day) 0,3538° 0.27232 0.26662 0.2999% 027778
lirine excretion(kg/day) 3.692 5.81° 6,370 6,89% 8.19¢
Dry matter digestibility(%) 47,5 64.51¢ 65,82¢ 59, 84" 63.61%

1

T halian rve grass hay, T, Raw mixed mandarin pulp silage. T.: Pre-wilted mixed mandarin

pulp stlage T

Raw peel silage. Ty: Pre-wilted peel silage

Different superenpts represent signicant differences (P <0, 050,

~ 0.78 kg (DM) i+ $8EH 1.8~1.9%
o &riNHEE SR 0.67 k9 ( DM)ol| Koot
of el EHHE) Aol e A= R WS &
Bk Molar ol ok E ARl 2 40 A
MRl A KBt A A el e T, T,
o Al A st Ty, T, (SR AFL 2D
baol tesl <Fokeh MrEte] Ko &Hel =& 4
olefzlo) ik T,, T, (BEIE T, T;
CEREHD) ol Hal %4 =0 HHE veh 3

ol eb, Yol BB A2 Ao RS
Akl 2 2l o) MHMLAE Hiue whet Bpnets g
o] 1 BN AR o M HLEs R
BEYT WFE Aok &7 Ao Coombe 9}
Tribe, 1963). EHHAIY 2= o WEUESIM
Ffkdol =ud T,, T,, T, oA 32 Tp.T,
ol o] @HtEtel ko #EAIL YA (T,, T
7t BERAEL B 2ol Kol ¥o MRS 2ol
2 e
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borel B ARG KRR
ML Bl 4 7] s SR Tl Bl
GO w) A g abole) <o) Shiol srobxlvt
At et q gbip(Brown <+ AGR, 1960; Moore
ar Thomas, 1960). £gh DM SELED- 449!
ef <i2) DM Uheo B iRy BHeRE 2l vk
wi 2leof (Hawkins %, 19705 Gordon %,
1961, 19635) 4 plsgel o HE AR el <o sl
ol i Akel el A Nvh S s e Mol
auadeh

SR K ot BER O SN R
ole| 4 ¥3Bllifol “malar (koL el 4 3Bl
off &) 1= J{rHNLE SBCRel el Aol 4], Bz
b R Rl ol 4] drar o oK s HER O
Mol 1 enre] RIBHBMER /b 3l ark (Y =1.08x
— 1. 95 r=0.04"") (Fig,2d4 BE).

HHEETARSL el 4 F %P fdftolul e #E
of okl s y:o) woAK NS Mol RE AR
Wigol pH | yfoll wpvh /RRREO L of I &RFIAI
71 7] ¢)stel UK hiol Hpnshubiz ltoh B(1973)
o] @il 4] ok q+0- Py wll ol vhar 4 bl ek

crolub AkEgel < e BOK B BEIK
ol okl e g lgiiol ol Fd R of ¢l

Al
2N
wme w0 7 o ikl )

B. EHRMAIZEIZ|2 HEE

Table 36. Digestibility coefficient of citrus

N
,/f
p
Rk i
///
; Yo )L O8N —1.95 :
; -
T, 94% % R

!
5 7
aany

2!

° 1 i 8 10 kg

—Water intake
Fig.24. Relation between water intake and urinary

excretin when feeding hay and mandarin
pulp silage to sheep (Experiment 8)

EHEGAbelel 28] g BRG] B
dboeEl A g ey gmske fikES 7
qF @ oEkAel el 2ol BEFRD HLEE &t
fier g2 Table 363 b, 2 Aol A
U IR 48 21 <A RS b <
vabor], NFESE DM #ED 2RE
vl elid b P o1

£#%e| FHHe 4 HLFS orangest

byproduct silage (%) (Experiment 8)

Treatments

T, T, T, Ty T,
“Dry matter  47.5 82.7° 83.14° 76.83* 79.613b
Crude protein 38,94 65 ,083b 62,862 62,022 67,10
Crude fat 18,59 70.9%° 71,622 69.73° 80,22°
Crude fiber 43,93 73,98b 74,04b 66,182 71,0120
Ash 24,42 76,72° 77.55° 59,943 64,042
NFE 51,74 88,88" 89,23 81,762 85,59%

T.. Italian rve grass hay

T,: Raw mixed m !

i pulp silage. T2 Pre-wilted mixed mandarin

pulp silage. T,. Raw peel silage. Ty: Pre-wilted peel silage

Values are means of 3 rephcations per cach treaiment.

Different supercripts represent signifycant dutf

erences (PL0005 0



grape fruit pulp RAEAk#s(Accardi®, 1976
Meads}l Guibert, 1926)0l] tsted DM CP 9
NFE<- $Sflsh) i AR dekod,
Mandarin pulp silage( gk, 1971, 1974 = 8F,
197570l th3bed MIEAE BBl HiitEe] ¢
2 oohE B EMskd ok Ehfachd el 219
HEES gl Eilal o Meads} Guilbert
{1926)%. orange pulpe] H{b3ie} ¥ele} A2
ek shodch.

FEGHEES RS RBET,. T, Ti Ty
Blel #iES el Hal H&EMS DM ¥

Tabie 37. Nitrogen balance(g) (Experiment 8).

NFE#{LEo] =otom P 051, HEifst #
i T.5 Bk &elsl MES veby
ol «palel =l EEECE el wlop DN
NFE#LEL Eonsl s i v eads

C. % % KkoftHt
HHIH A el A HhERY 0] R HE R

Tabie 375 v}eprl upst
B NG 1 Y T S Tt BN

el W R

Sl FRCS

Treatments

T, T, Ty

T, T,

Total N- Intake 10.31° 11,58° 11.6° 11,6° 11,68°
Fecal N, 4.35 4,94 4,81 4,68 4,28

Urinary N, 3.82% 4,268 46620 5.81° 6.32¢

N Retention 2,14¢ 2,38¢ 2.12¢ 1.11b 0,582
% 100 11 99,5 51.9 27,1

T,,: Italian rve grass hay. T, Raw mixed mandana pulp silage. T..
Pre-wilted pecl silags

pulp silage. T,. Raw peel silage. Ty:

'l Prewtlted mixed mandann

Values are means of 3 replications per each treatment
Different supercripts represent significant differences (P 051

aSel AT, TodlYq wrerod ®EHR
(T, Toeli = HEE7E glodeh. EHRERE
prhont el o)l WEHMBOS T4 opoiis
Al Tpjobn o)elab #5807 vleid RE #E
F2 T oF 3AH W olud gl TR
a2 EEERE 2o @ (Malesel Gaskins.
19821 %.chi EHHAEL 2] 2] #EE <2 o
HeRK Bl oot B SR PRl o -0 % BiEs)
of olelgh @S shri<belel 4 gEHEEA 4 U
5 BEsIch olsl A2 E¥r MEd oy
HER ] Gl 4 GEY ol <ole| 22 f5H
TS BEERF KTl Wemnli
(198012 el s MElshd e

2y =5 citrus pulp® ftEstel Hol-
steinBRE ol #5818 A% (Michelena%, 19831
oAl 4= fEKdE ®hnol| ahel BFELHREI) LY

shed, friiakele] 5 & §Gmiar of <wa' z1¢] DM
Kg ool =fel WES FEEBY HinHaw-
kins%, 1970:8kck @G A% B H
Bl el

K Es Kot Eel 208t &R Kk
FEI - Table 380l 4 w1 wpsp 7 ub g
’Tzs\ Figol] ety iﬂ!#ﬂ*“lclll o ERES o
HiE: rarom (ﬁu*f“f] FhE 2ROl B A $56
B tehustdch. &S A 71\ TR EER
REE olodod Ko °If5¥ Kool Bt B
R gre]l R SHEY RS B FH
fskalel 2l PR Eol Fokch Bl pHyE shr4t
el zl fsHEse HESH K Fsldod, HR
&ol “%31*——%- pHi= K F=lo] BERRE R pH
faloll - HER (P.01) &S] HRBRE e
(Fi1g.25 B3,
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Table 38. Water balance (Experiment 8)

Treatments

To T T2 T, Ty

Water intake

From water 5,810 5,760 2P 7,740° 7,740P g, 340°

From silage - 320,17 307,17 304 .88 296, 20

From hay 100,41 58,42 26.49 56, 87 55.95

Total 5,910,413 7,138,5ab &,173. 66 #,101,75° 9,642 .156¢
Urinary out-put 3,6902 5,810 6.370° 6. 590b 8.190¢
Water out -put

From wurine 3,597,758 5,705 42°b 6,236,230 6,772,878 8,018.01°¢

From feces 260.75 214,57 201.55 239,32 213,27

Total 3,858,523 5,919, 99 6,437.78P 7,012, 19b¢ 8,231.28¢
Retention 2,051.91® 1,218,562 1,665, 88" 1,089,562 1,460, 872b

% 100 59,4 81,2 53.1 1.2
Urine pH 7,2b 6,82 6,55° 6,52 6,25

T,: Italian rve grass hav, T;: Raw mixed mandznn pulp silage.

T Prewiled mixed mandann

pulp silage. T.,: Raw peel silage. T,: Pre-wilted peel silage

Values are means of 3 replications per cach treatment

Different supercripts represent signiticant differences

pH
8_
7
Y=-0.0022X—8.0178
{r=—0.981**
6~

100 300 500 700 900
Urinary out-put (g)
Fig.25. Corelatinship between urinary out-put and
pH (Experiment 8)

D. /MRt MRAGEE MESH B pH| B1L

B EEHEERE FERIFI0.2.4.6.8. 850 K

IR

VF As.(mM ¢ ) % Ind
Table

Wy T Hsb toal
=V FAstmolar%) 4 @iEZBgs #%9
369, Table 40 w0 Table 41z} 7hri.

& B R M pHAz 6.20~7.108) EBES .
OEAD <R 2] 2] fhEEl o 5. 80~T 107 &
B CERHE ARl AL il Sieied BEES pH
ol 4T R ke edeh 4R ¥y pHel KT
AEEFL hELA ARl 4 sbR uheror
Sl g4 gobx i gladeh, olsh hE fRAC
244k dried citrus pulpie fUESE BEE AR
{Pinzonx- Wing, 19761 4 L Elgh Wiag o
thilo] FEGHAC citrus pulp)?) EIE 7Y o BEERE
dbowpan S sk oldch BEEHE 1§ e
albe}l Hry pHZ WA HEPFS(KoerE, 1970
Ghorban %, 1u66) EBFEF &/} 50 T2 K3
SbOESERG Kol NSl - K MEEWEBUL $2
kEge 4ol € F5) 7} o o] ¢k Ghorban %
(1966) °] @i+ £@a=, NBDMD {e#
o] ¥ NFESH NDF @&fgol tiol @A EIF o



Table 39. Rumen liquor »H. (Experiment 8)

Time alter Treatments

feeding T, T, T, Ty T, MeantSE
T 600 18 6855020 6,9070,18  6,80940,20 6u0%0.25 687000
2 6_8“1—“,18" 6,450,202 6,554+0,18% §,40+0, 152 6.5040,20% 6,50F0, 1K

1 6,650,208 6.1070,238 £,2040,25% 6,0540, 258 6_25-0,28% 2540, 23

6 6,40£0,23 8.25F0,25  6.3040,30 5,200,300 6.2040,30 6,2740,27

# 6,700,187 6. 5540, 188 6,650,202 5 154,208 6.50+0,20% 6. 574+0. 14

Mean + SE 6 bLH_‘U,.f(J 6,410,228 6,5240,2380 ¢, 38"‘() 212 6,4740,218 6 504,22

To. Iralian rve grass hav. T Raw mixed mandarnn pulp .\'IIZI_LZA.‘.T; Prewilted mlxed mandarin pulp
stlage. T, Raw peel silaee. T, Prewilted peel silage

Dufferent superenipts represent significant differences P o5

A0 ALY B R R AR ] %) KhfiLo) AL OHAM AR el 4 #ade] ot BERIY
A WA PHE B Fob el 4= gl o, Ind=VEAo] sifepa ol 0 Fig 27 Y Fig 28
HAIARL & < o] #h#l Ty ~ Ty ) fifotl 2] 1= oAl 4] M- ulap ghu)
PH = {5471 o ok $hideeo)i= 4y 5@yl WEESEL R BHG 0] Rl REAR SRS BERY
ERCE Lok BFE BRAUS B0 Kool whit o Fidd] whe »"a{aéﬂ Bhnsle] BEHE LA 2
PHE(L = Fig.26 4} 7ol &40 455U ( T, ) B%Fu%l slatell ol Znod 44 ®obsi 8
i BB ol BEKdEC] o] L1 s{pAgo] & B ol i B FHGELETRT OBRT ) e fode
ok ok EHtEIAbol el <) KEEL(T, ~ Ty oll4i= 4 G fE¥ER R, FESI RSB aBE[le:
B ol (R K dEol o] 2of o M O 7 4| Lol s A frbebal BERIS] foafgsh o
ALl wol EiERFL S KMED woel T olaich
Total V. F.As.#iZ>- (Table 40,4125) Lefuh el shl BUHRE EHHIAbS 0] 4§
% AR 35.5 mM/£ ~72.4mM/ ¢ (F (T, To Ty Toell A4 fAE B8RS - G5
B 539.2mM7¢) Higlo] 5 @Z%ﬁfﬂ%Or‘a{*l * Shal e BLHD. i) SR BYRIC) Ei@sk
BliFol 12 34.51aMr~ 85,5 £ (4 56.3 mM e Seeddh srhn vod 4 BB 4RERD
S €) B o} oAf Jl=tefl el 2 fLofi g4 a) Wb} il S
FIEbEG B B VI As mE (Fig2s 2 =R kel BEE A RY S Arsmesy o}
), g8(T )2 5.8 eaﬂ“»rma; 4~ 6 )l B A ehla glgdc),
Beell ol 2 2 wbsl #£1§3he o HHbE Oranges} grapefruit pulp silages #3823} 3t
Adede| 2l fHEBRHT, ~Tol 2= 45l peake| el 41 Schaiblye} Wing(1971', Chen% (19811
olzeid FHFA pHeb V.F.As &m = HiEs| - b3¢) 5 B5RIS] ##ol abel propionic acidsh
%5 Bolm gladth butyric acidst #n8 geba sho) AR §
Ind. =V.F As ¢l @RS EHtndcl ez 45m L #ERE vasts vl HEK B E
BT ~Tofd = HEE/} sidot s %.,5 H4 REEHS B2 o BEES Klstz =
HEF(To)oll = HEeHH BEEES sl =72 Zol-LAFe] fEInst e (Shaw 3, 1959, 1960 Put-
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Fig.26. Changes of the rumen liquor pH and VEAsof sheeps according to rumen liquor collectin

time after feedings (Experiment 8
To: Dalian rve grass nave T Raw mixed mandann pog
pulp siiage. T, Raw

pecl silage, Ty Preawilted peel silage

wlag TP

. | | o
P\‘s\—;ﬁh\i:i;,w\d M UL/\,\ :H\N\/\M\

1
. t hr 2 hr
Time after feeding

Fig.27. GLC Chromatogram of VFAs.of rumen liquor fed hay (Experiment 8)
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Fig.28. GLC chromatogram of VFAs. of rumen liquor fed citrus byproducts silage (Experiment 8)
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