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WE: Z# (Morus alba) RHEF I L EX G RKKRENEY, hriEFs, 2Kk EHh, ERFRBGRAR, LAR
A, ERS5ASFHAMEL, ARt AR EG A ETE 2% AL, RIKT H 7 (Medicago sativa). @ ==t (Trifolium
repens). % %% 2 % 3 (Perennial ryegrass) S M4k E; MBEGH FFTiX504c0hm°, HMF LS FTLH B ENWG
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The mulberry protein industry in China

REN Rongrongl, WANG Junsu’
(1. Chongqing Haitian Forestry Technology Co., Ltd., Chongqing 405400, China;
2. Technology Center of Chongqing Customs District P.R., Chongqing 400000, China)
Abstract: Mulberry (Morus alba), a woody forage shrub with a long history of human usage, not only has rich nutritional
and ecological value but also grows rapidly and has strong adaptability. The crude protein content of mulberry leaves can be
at least 20% of that found in good quality forage such as alfalfa, white clover, and perennial ryegrass. The crude protein yield
of mulberry is 5.04 tha ' per year, whereas the crude fiber content is 43% of that of alfalfa, and the effective degradability of
crude protein and dry matter is approximately 70%. The proteins in mulberry leaves comprise 18 types of amino acid, which
is similar to the number found in soybean. As a high-quality feed for herbivores, mulberry leaves can not only improve the
productivity of livestock but also enhance the crop diversity of agricultural systems, promote the coupling of grass and
livestock, and improve the productivity and stability of grassland agriculture. As a rich and comprehensive source of
nutrients with unique functional properties, mulberry forage has considerable development potential and utilization value.
Keywords: mulberry protein; forage resource; feeding value; bioactive substance; ecological value; coupling of grass and

livestock; mulberry meal
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A RE, AU BRI AL 7 2 5 3 77 = [
AR R B S, T H 28N T, A
AW PR 7 R R AN W b B P R e R AR R IR
L=MMEE TURM —RRARME ARIE 5
EMAET KB AL WaEis S 2N RGNS
N FE T ) A AO R G, P T 2 4 SR AR D 1B MR
K5I RV S i & 28 2R 48 1 AR i
K P& AR B R R R 48, 9 NS A3
WIS R B 1 e T B AR L R G A B A

BEE N KA i mod A R, N SR P Ja i
KBRS M, AR BT IR T R B A R )
A, S DAL R R A R IR R4 AR ()
DiRE BT, ELA K R TT R 3 0 FOR] A A4
FW A RBR T &, £ E MK
IT A A P A KR Y B DR AR 414 (Food
and Agriculture Organization of the United Nations,
FAO) H 2000 4 3E 22 A I 17 «“FZ WAL 39 48 7= B H
(mulberry for animal production)” 5 “F| H i % JF
R O A B B B2 8, FE T 2012 24
. R, F SR AN ERE R B SR
S BRI OT AR AE B A AR Bz R vE, K
FENMEZ R AT B 780 KA -

BEE NN M7 e 5ES e REEN,
XS F A ) E SR 5 e A, DR AL i AT
R MR 7 MMk 5Pk W Ee™
b AT RS DR B i 4 SRS R e E R . &
P PR P 5, AR TR RE R, B 2 4 DUJE B EL R
AT RAEAE 22 tthm a4 B A A EE MK AL
GV mAR. TR, 4R ML REWMET Y
JR TG %, A — Pl IR B A A TR AR5 A R R
20 T80T, BOKA 2T 46 3 3 e IR 2F B
Y, IR T M AR R & H . 20
80 4E AR, & H o6 Mgy A i, H
A EEATRE B RE T RN E R R EE R
B R 56 R, R R R R T A2 106 75
h? 1, R S K L SR, <22 4R 2 B R
A R A B 4 Ak B R R R S — R 2
AZZM LR, S BT IR B S R LK,
B TRL SR KRG A B S 2 7 AR Y EE R

R I B TR T ORI [ R b (S
FBL FMETE) AT & &R, XM ERE &
AR BT AE BA A . P, AT DUOR R IR E
S ER BT LI A NSRRI E TR R
B IR e R S 05 sNAE 5 T X R e A
A B R SE P I 57 BEAT 4G, R WY R R S
kO HES) B R AR A PR AL AR
ARG E T, BA BRI A8 7 AR R AR

1 F 85 A AHE

ey NI o IR AN L BNV AN |
SR W AR W . B St 2 R H AT Az
BIF 56 000 48 B 7 i o SRR R R IR LA DR ML
P o Wi B I ) RN 7 SRR R A ok 25 7 T,
A R IR B K R AE 73%~ 89%, KL A B AE
20%~30%, 5 [F 4 & W E fE (Medicago sativa)
T, LR ESF (Festuca elata) 5 R A FHHICE & H 1 4%
Pe AT R A 1 R 15%, S A ORI
43% (F 1). SO & B AU IR 97 & 200X TR
. (Glycine max) ¥f 52, 5 S5 7= 845 P iE 28 2 F ik
Bl Fa g, FEAEL) 22 thm 7, ML (1 4E 7 B AT IA 5.04
thm >, ZHERYRSES RS, RTH
T, WAE BB K E LB B R . SR
T AT A RE MR IR 70% A4, T vk
¥ 47 4§ (neutral detergent fiber, NDF) 5 & 4 1 %% £F
4k (acid detergent fiber, ADF) ] 5 2 B& fift 2 K =
(£ 2). KM TP RE MK T H 4
BB (Lolium perenne)s 5 WL K (Zea mays) F1 3
% B (Arrhenatherum elatius), R 1K & X Rt B FH
BRI AT 7 .

2 RMHCEFRIRHET

S B 25 R Rk, A2 Z0 7 R R
B 2 A BEVEY) B . 0 S R & R R
WL OIEF 18, 5 RM TR 10% UL L, & A #
WIR - AR 5 2 Fh 3 W B 7 10 BR ) 4 2 1R
5RKE R IR R K& B (R 3), JUH M
AR BAR. MEAR. BER S ERH. RLAR
ARG G R P& R SR 12% Db, BEmR
Z 5E A A Sh YR A dr G s b 2 R
A S SN AT T AR K BR Sh P ML A A afi
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Table 1 The chemical composition of Morus alba and other plants
aH JA ; ; \ . LR PR BRI MRE .
i EEM TR e g we g R DIEE MILE SR
Plant Growth Dry CP/% EE/% Ash/% CF/% Y WA URET4E GE/ | Reforence
name period matter/% ’ ¢ ¢ ® NFE/% NDF/% ADF/% (MJkg )
Growing stage— 11~21 16~30 3~6 8~12 15 34~48 41~65 34~38 14~17 [6,19-23]
Mulberry . ’
maturity
o L — A
Budding— 19~25 15~29 1~27 7~12 10~29 40~54 35~48 31~40 15~19 [24-27]
Alfalfa :
flowering
X Tillering stage—  10~12 10~24 4~5 14.02 1638 40.18 12~40 10~30 14~16 [28]
Chicory .
maturity
Tillering stage— 11~45 11~21 2~5 8~12 25~35 30~47 - - 15~17 [29-30]
Fescue .
heading stage
==
ﬁl)-L%H'I' Eké‘;h%ﬁ
R — - _ _ _ _ _
Mulberryleaf Maturity 21~37 16~23 521 2.53 [31-32]
silage
== A} > B
ST S Y . — —
Corn silage Maturity 18 79 B - - - 33784 30750 - (27, 33-33]
=k il A > 2
g ETE A » - - .
Alfalfa silage Maturity 38~47 26~27 - - - - 32~40 22~27 - [36-37]

CP: crude protein; EE: ether extract; CF: crude fiber; NFE: nitrogen-free extract; NDF: neutral detergent fiber; ADF: acid detergent fiber; GE: gross

energy. This is applicable for the following tables as well.

*2 EWS/LMEERNESREERILR

Table 2 A comparison of rumen degradation rate between mulberry branches and selected roughages

= T MEAGR PR YRR 4
HEH W " N X
i e b i iEE  ERERE  ARERE ik
Plant eriod Degradation Degradation Degradation Degradation Reference
P rate of DM/%  rate of CP/%  rate of NDF/% rate of ADF/%
E=3%) A K — R .
Mulberry Growing stage — maturity 38~73 74.6 54.59 15.04 [38-39]
kG PUE W —ITEH . . .
Alfalfa Budding—flowering 55~57 77.94 26~37 22~31 [27, 40-41]
o 53 BEI — R B B
Ryegrass Tillering stage — maturity 30733 617~67 39.85 31.86 [42-43]
ek 53 BE — R _ _
Oats Tillering stage —maturity 40~67 59.53 35740 41.64 [44-45]
== AY YE=S
POk R B B B
Comn silage Maturity 65~66 69.39 43~50 19~47 [43, 46]

o AR B R I LR
ZMEEEENT MR LG ERS, ETAR
SR BN T 5T R e I R AR A A G
KW EEFE, 100 g TYMHE & 8B 46 mg, 5+
Hi Bz 200~ 500 mg, it K2 1 30 mg, #i 52 v & 100
mg . FMHHERZMEAERMAEEYIT, 0
-l % B 7 % & (1-Deoxynojirimycin, 1-DNJ) & —
Bl R SR B A M) Bk, & o 1-DNT & & 1E 0.15%~

0.33% M. Sl o g AR W A B E 2.942~6.511
mg'g ', 1-DNJ & & Jy 0.430~ 1.350 mg-g ', £ ¥ &
4 7.558~14.096 mg-g ', M {4 & A 0.810~
1.743 mg-g Y, i T H R R I I Ad LR
[ WRAE T (Hyacinthus orientalis)~ ¥ ¥ 5. (Commelina
communis) %5 1, & — POFE - B 0 $ ) ) o X B8 s
MR NR & BA B REER, R RARE
L 375 B A2 A0 B 2 46 65 7, 4 s R AR . 0 S
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Table 3 A comparison of amino acid types and contents in
Mulberry leaves and soybean

%

AR B N
Amino acid Mulberry leaves Soybean
AR Lysine 1.20 2.24
SLEMK Leucine 1.83 2.82
S5 E R Tsoleucine 1.50 1.85
HE M Methionine 0.25 0.39
KA &R Phenylalanine 1.94 1.84
4R IR Valine 1.76 1.73
A% B% Histidine 1.13 0.97
&R Threonine 1.80 1.44
B &R Cysteine 0.30 0.52
fi% & R Tyrosine 0.96 1.17
B Glutamic acid 3.33 6.26
KRAE R Aspartic acid 3.06 4.00
iR Proline 1.31 1.86
H%# Glycine 2220 1.60
AR Alanine 1.54 1.54
FHBUE KVE T SCHR[47-48], K EHUE KIS T SCHR[49-50]0

The value of mulberry leaves comes from literature [47-48]; The value
of soybean comes from literature [49-50].

PE B IR I 2 B e T L E S N E L (Leymus
chinensis) 7 W& 19 5% 7 U2, 1A MR SR )G 2 A S R

TEYELETEFASMEARSESN T
15.90%, fH [ B 55 & BRI 38.90%, 4E4- % AL C.E &
I E 5> A3 0T 193.46%. 738.61%F1 248.25%
(F 4.

R E S E AR AR A A TR
WE . dEd R EE . A, 2. 2 S
i, 2 & A r AR RAERE R, BT DL 3k B A K
U R A B N A SIS, e B N A4
a3 R 1 B, B RV AR 2, 360 e 4 B )
KA TN A R R N — E B A
BES%, e A2 3E 40 0 da Rk i v AR i, B R R
T, 03 0 2 R B, 7 A o S R o R i S
%,Tfﬁﬁmiaii REFEREAR. SRR

AT R S, B ORI S M R S
%m%ﬁz%@ﬁ\ o A A E B ) S A AL e

x4 HARBHENFENRROFN
Table 4 Effects of feeding mulberry meal on mutton quality

%

i H FH X i
Item Mulberry meal ~ Control
KL [ Total phosphorus (TP) 19.50 14.60
JIE[# &% Cholesterol (CHO1) 66.80 70.00
5 Calcium (Ca) 51.10 9.00
£ Zinc (Zn) 26.90 6.60
fili Selenium (Se) 0.03 0.01
Y4 3 Vitamin A 0.02 0.01
442 % Vitamin C 10.20 1.00
%42 Vitamin E 2.58 0.31
FBUE ARV T SCHR[57].
The value of mulberry leaves comes from literature [57].
IR T S B, R A S 4
3 W ESME

EWMANEA RGWEFRME, BEA—EM
Bl R Vb K AR RE AN I RAEH (3R 5). o A
M (China National Knowledge Infrastructure, CNKI) I
DL f s, « B R K LR
RS ] A R 45 R R, H 2004 4 R E T 46 6 5
WS EBEATIZ IR0 T o S PR H R AR & A0
BOREGE R, X R ey She AN G R i g
HEA R HEM R B8 T) . SRR U i A
B ARTE Y, 5 A TR AR B A LA R A A SR
He & e FI K S FI R4 B s ™ S L S Ml

AR NFZ A A2 5 AL A e B, i 4 S0 A 5 3t AR
WA FAETTE K.
4 FMEmIT

AT, SR Dy & & e et ftoin oA A 7 a3
N Al WA I 1K s A AR 73 B EAR RSGAS In, RE
OB 26170, DA K ) PR B AR B ) T B %
IR A8 0. IS TR 3R R O S AT 20% H R
BAED, AR BoleR E T B B R
YR A5 VL Rl 5 B A R 4 43 1 2R e i R

o] R A S B P S e A B ORI R4, S 4R
P BUAAR, (B S 5 52 A8 A ON] F I (1] BR ) & 2= O 72
PR o 75 I S A& — ] DU YT OR A7 B B )
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Table 5 Research results highlighting the ecological value of mulberry

GOV T E X 45k LSS 23R
Ecological value Research area Research result Reference
=k PR X FWMIRRKIL, FLHFTIRRE I8
. The water-level-fluctuating zone of Developed mulberry root system, waterlogging tolerance, [60]
S ijj:g%h the Three Gorges Reservoir and drought resistance
oil and water -
conservation <100 mm XI5 584 f K - s o
< 100 mm annual precipitation in R RIFER, Igi)?k// . . [61]
Xinjiang Province Mulberry trees thrive and have strong wind resistance
ﬁ?lﬁﬁ]ﬁj:ig = AL BE 5 BE A~ kR EL
Saline—alkali soil of Heilongjiang ;‘éﬂf{ BEFTEilj:i%ﬁE.TH iﬂf&% R I . [62]
Province Mulberry lowers soil bulk density and salt concentrations
. L . 03~2
gﬁaﬁﬁg\ﬁigﬂg area, Liuyang, In a 1 m tilled layer of mulberry soil, the heavy metal ion [63]
. ir time is 0.3~2 years
e repair
Soil SRt SR I 4R i SR ) S i S e R T R
improvement Pot ex e?iment Mulberry can resist drought by increasing the activity of [64]
P enzymes such assuperoxide dismutase
Wk ARG PR A i S AR s 39 LT A
Hebei Province The relative abundance of fungi in rhizosphere soil of [65]
mulberry increased during cultivation years
AR FEM RS IR TR R 66
Pot experiment Mulberry increases the nutrient content of sandy soil [66]
KT B B [ CO, ] 52 AT 1549 000 kg-hm
gl 2 YangtzerRiver basin The ﬁxg:d amount of CO, per unit yield can reach 49 000 [67]
& At kg-hm
Atmospheric .
purification LA S R T A 3 1A e
The Northern forest The fluorine absorption of mulberry was higher than that [68]

of 31 other species

LUF A ROk, B E S TORFEAT S B AL
W M 25 7 T 70 S — e 7 T R et

AT, 1 1 S R A 5 o B A 2 A0 e
5 3 S AG 5 B 18 P 15 1 I A 260k 1) 1)
FHAR B T 05 R e R B A T DA S
I R R R M A AR AR, BRI T UE SR T
G, RE T AR BT R
A IR RHE R DA AR R a0 TR LR IR B A
B ORSOBURL TR R 8, BT DLt — B SR U A
OB AR RS IR, B A R A A I R
B g S A o D S B R
Ji ) GO U R, T LA R R A 4L K5y
THEA. JUEIRB T &Y, 2 e 5 i 5 A A i
YW 5 F £ B R A 2R

5 RE

A NE SR NE AT E H iR,
FEJCI AN, XK A S A AR A B O R

et Y. LN AK YR fE L R A K
FI eV eMERs %4, THENYEEY IR
W&, JF & 2 0 A9 9 U, R 0l A2 P o B 1 )
TURIEEERE, FMIEA—MERRE. EFRAT
IR B GHR, BA BRI RE .

SWE MR, ARKEEWR, PR ST
M 5% Fs o ™ %, 7w Ll e L A 1 v TR e R
AERKENT, RARKIETR &L fRK, B EEWAE
AT R g 3R ok B RLE S
COLIER FRBIAE G, W AE FR I & 2R A H O A
SR H - fEz. AHAFHERERAE T
FEMYE, W TVIEIEY — KB EZEGE” R
G, ZMEHESRENTRENEE#Y
i, ReHE = AW g% I D Re R i, oA B R
GRMPTEAT&MEWR T @& DO, HE,
H A ¢ R A8 DL R K & M St 5 iR = AR
HERC I WE 5 A 2 0L o 3 E SR 5 R i 100 75
hm® ™7, e F o A 20%~ 25% 16 2R R 3T 5L

http://cykx.1zu.edu.cn



576 B o B ¥

40 35

AT 4000 /7 tEEH . FHIES 60%~ 70%
B K AL B W0 D 2 4 2% BIZE M AS, DL K JIE D
WERIG R g R AP Y, 2 MR 245 3 H 1)
ZRelEW, HRHIF K& T 2o, @5k,
) FH 2% 3 B A R SR 1300 77 hm®, A 5L
B PRSI, A [ S0 R P R AR R 244 6, T R
BRED 2ok, 8 2f &, STt ARE
fEL

EWMEARSKRIEAFMRREAR. 1A

2% Y #k References:

MR SR ) B S PO A e, B 25 R e, 9RE
R SN, < R B B B AR T SR AR AR e R
JKCTR 0 7 S S RE 06 MY O A & A s IR AR T Y
Gk 71, A CGF) Wy & rb A N 2 & Ak n Bt R
CF) Wil dh, B RESE i HL 8 (& &, I REHE N A
WIS B B E TR M AR RMEA
AR T 2 SRR T T, A 4 A
BBk BRI YL TR, DR BAE, T4
fifp 3 [ 7 50 B 1 o B R
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