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1) FTIR 73 5 Z5 M (9 70 Br , R DL ARGE . 2 F ok, A
U5 15 1 AR JIORF BF | R JTORY B2 S R IR 1Y
FIRPME AW 2 f e, IR M FTIR £AR 20
A L3 B JRORE Rl = 0 v 5 B K AR5 B RE AT A G
DI P 9 4 1 5 R R AR, 4 BT B SR AN S O 1 4
PR RATAE R G R R, ok 0 R VR 7= i A S 4
lk7/ L R M U RS T & DR R e E R 2 T

1 MRlEFR*E
1.1 REHERRESLIE

AR50 FH 4 FF B IOk [ 000 1 T R
TLRSR = A BRA R (2018 4F 10 H) A4 3 A4~
s BRI 1 S R 2 SR 1 S (W
FERER ), A A& 50 MK, R
FHN 43 85 00 05 B8 B A FF e K432 3 3847,
R JICKF | i JTORFE B2 R R ISR R, 1) B8 1
T, i R M it HL ( KYL—-380 AL ) X R
JIKF AT I T SR BE S 70 T, K S E N
7.5% , 5534 36 t/min, IR LN 47% ¥ 7 IR
FERETH G 159 20 B FF U Br A R R 7E 55 T
BEAE T T4 48 b, — 80 B3 1 22 1.0 mm ] T6 KL
22153 53 B LA ST B8 i S 50 e o — 3
SR EEZE 0.25 mm, TG
1.2 MEIEHRRFTIE
1.2.1  EHALSE S B

T it (DM ) FURLJK 43 (Ash) & & R H
AOAC(2002) "™ )y Bk A7 %2 . #R4E Van So-
est U 5 i, i Ankom 220 £F 4 43 # 1X
( Ankom A w], 3¢ E) 43 B vt Pk % £F 4 (NDF) |
PR T R A 4T 4k ( ADF) FITR MRV AR JTT % (ADL) 19
i, JEM (starch) 1 R Megazyme SLJE#3i
F & (5= 95 . K-TSTA ; Megazyme [E R % /K 2%
AR T, B R L) ME . HRPE NRC(2001) 1A
R B K LS Y (CHO) AR 4i ki KAk &
YJ(NFC) 214 % ( hemicellulose ) F1£F 4E & ( cel-
lulose) A &, MR 4l FE 2% R oK AL & ) —H H
R R (CNCPS) ' T8k 7K Ak B 9 Hh e o [ it
KA W (CA) s B i K46 591 (CB,) |
T R A K fE & W0 (CB,) AN AT A HI£F 4k (CC)

F H] Nuez-Ortin %617 )5 i ERAFREL 7 g ¥
A B R B JE B 4E (40 wm, 10 cmXx20 cm)
WO TERRES [0 1.5 em ZE A BUNLE AR R AT FLE
8, HEF 3 Shde Ak AR H A I i B A
W54 [ R H K (625+21) kg | HHEHESY), e
e A% A RS 40 cmx50 cm B SR TR R
AT E a5 0.2.4.8,12,16,24 .36,
48 h, TR RAE BN FEA R 3 N EE B
FRESHE B H M IE B B AR K TR IR &
i, IR K Pk, E R FOKEE ., HkE ek
ET 65 CHET 48 h,id kR A4S M &, Ffie,
B IEAE N I FRIE M R 1 mm £LI , Il H DM
FI NDF & i, T %E It 2 #0772 100 9 R
fif R, a0 A LRl R S IR 4 78 3R T B NRC
(2001 ) br #E # 17 O ) (DM Al ), AL 45 F &
(42.7%) Ak EKRFN(15.8%) . EHK(13.3%) .
AFK(3.8%) WEE (1.0%) EHI(3.2%) T HHE
(5.4% ) MFFHI(2.1%) B R 4E B (7.5%) |
FRIRZERI(5.0% ) MK (0.5%) , B H i 2
K (08:00 F116:00) , H HIKK,

T ' K1 2 BOR) 1 Orskov 25110 i i Al 2k
PRI AT AN 5L

Y=a+b(1l-e™),

Krp Y e e ASTETE B by BT ¢ 5 5R
o> R R (%) 5 a DR R R
(%) ;b 18 IR 3 & 5 (%) 5 ¢ N8 % fig
TR IR 3 (%o/h) o BT R I 3 (k) R
4.6%/h K T 5 R RE A 1 H A AR R R
(ED) :

ED=a+[ (bxc)/(c+k) ],

Xfra b e J& FIRHEEL
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FF T JICRI 4 ( BIVRg TR DF | R JTORE K A g
JRIR A B K AR 9 615 B 1 R S 7E AR bRl
KEF B2 BE Ak 2 5 F 4509 43 B 55 9 & k475 R
15[ Bruker Alpha-T £140 G AU 4 Hoai K AL &
Yo FAOGIE K, AR 5 W, I
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128 X
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BT MR SCRRE S AT R TR 7= 4 v 1 B K Ak B
YE BE (A0 65 g R g AR ) DL R ik 2R
B AR TR FH B S 8O - 25 R T R K A
A WX IR (STCHO, 548 1 488~1 183 em™) ; 2[4k
EEW X (CELC, 34k 1 287~1 183 cm™) ;
e KAL G IX 3k (CHO , 3£481 183 ~870em™ ) ,

FF K F A i Sk A % L (FSD) Y i
STCHO ,CELC il CHO X I i) 3 /> i fir B, 9K
JE XL GRS S B T g T, B/ 1 BoR
TORTRRE FH e I 7= 0 Bl K A 0 A S 3 X
B (FEZE 1 488~870 cm™) NAY FTIR S A
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1 REFF AR RE =Y e fok L & A8 50 S i (X i3 ( 4k 1 488~870 em™ ) WA FTIR St ik
Fig.1 FTIR spectrum of different by-products of seed pumpkin within carbohydrate

related spectral region (ca. 1 488 to 870 cm™)
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K SAS 9.4 A4 ) GLM B H X ¥ FH
JIE =4 (R JRRF DR | B JICKT B RO FH R R )
(IR B B S BORDOGTE S EGHE AT 80 4 i . Bt
B Ky

Y, =u+T+E,,

Koy, WEZE u N VPE; T, IR
N E, RERZEAE,

% K Duncan [GE:, P<0.10 fRERA
#oP<0.05 REKEF B, P<0.01 AERERIE
%, M4 Pearson AH &4 B ¥:, Fl i SAS 9.4 1
PROC CORR )7 , #:47# FHrg R 7= Py ok A&

WE SR IR B Vi 2 BRI K AL & ML 45
SRR

2 &F R
2.1 FABEREFUHRAKLEDASSE

H ¢ 1 Al 1, DM L il R B )UK B2 ) NDF
ADF ADL F1 £F 4t & 1 % 2 d5c i 5 100w JICSR ALY
starch \NFC 1 CHO %) %% & fc 55, B JNAFOF 14 2
FHEE SRR, M CNCPS % KAk & 4 4143 K
A, rFF . CA B & BRIk, CC 1 7 it fie e ;
JRR N CA il CB, W& ¥/, CC & &
A,

&1 ATREFFAELKEF=MEKESWES
Table 1 Carbohydrate profiles of different kinds of seed pumpkin by-products

it H i JTCH B

Items Pumpkin seed cake

7 VK B

Pumpkin seed coat

FTCR A
Seed pumpkin flesh

kK {59204 Carbohydrate components/% DM

rR PR 4T 4 NDF 21.12
MR YEVE I 47 48 ADF 8.17
RMEVER AT R ADL 3.66

VEHY Starch 0.00

63.06 15.78
55.91 10.82
13.27 3.78

6.68 18.53
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i H eI 1 AT B FTCR A
Items Pumpkin seed cake Pumpkin seed coat Seed pumpkin flesh

A1 et KL A4 NFC 1.20 14.15 63.41
A4 ZE Hemicellulose 12.96 7.15 4.96
2} 42 Cellulose 4.51 42.64 7.04
/KL &Y CHO 22.32 77.21 79.19
CNCPS /KA A #1414 CNCPS carbohydrate components/% CHO

P R Kb &9 CA 35.95 20.53 60.00
rf e b K fb &4 CB, 0.00 8.73 23.41
12 2R FE i K fb &%) CB, 24.70 29.14 5.12
ASB] A FH 20 M B )4 CC 39.35 41.60 11.47

2.2 FHABEREIF~#E DM 1 NDF B)JE & F& i
S

2% 2 AR, R JTORE DR | e JTORF B2 A IR A
() DM F1 NDF [ ¥ B K5 it 2 805 A7 70 b 35 10 22
F(P<0.05) . Horp g AR A 19 DM P i 3% figg 351
O3 TETE T R AR IR A3 | AR R U £ Ak VR AR T B i

Gy ¥5 3 v T R JRAF YRR IO B (P<0.05) . 7
JIAFGF A NDF P [ £ 35 43 F1 A R AR bl 2 0
TR TR 2 ARG TR A (P<0.05) o 7 JICREBF AR
JICR A ) DM A KR i 28 T0 1 3 25 5% ( P>0.05)
7 JIUFF B2 B DM FI NDF 998 15 % i 2 5014 3%
I JRATDE TR TR A (P<0.05)

®2 AEHFAEREFNHEEREBESY

Table 2 Rumen degradation parameters of different kinds of seed pumpkin by-products

BIgE| TR B TAT 2 B R SEM P{E
Items Pumpkin seed cake Pumpkin seed coat Seed pumpkin flesh P-value
T4 B JRE E M /% =% DM rumen degradation parameters

DM,/ % 56.54° 23.48° 59.61° 0.577 <0.000 1
DM,/ % 39.12* 13.98° 38.54° 0.962 <0.000 1
DM,,,/ % 95.66" 37.45¢ 98.15° 0.601 <0.000 1
DM,/ (%/h) 14.17° 8.85¢ 10.85° 0.377 0.000 2
DM,/ % 84.02° 37.73° 84.42" 0.355 <0.000 1
PPk AT 4R %% 24 NDF rumen degradation parameters

NDF./ % 41.69* 5.37¢ 20.63° 0.380 <0.000 1
NDF,/ % 53.44° 17.13¢ 74.77° 0.560 <0.000 1
NDF, ./ % 95.13° 22.49" 95.40" 0.587 <0.000 1
NDF_/(%/h) 9.53° 2.94¢ 6.28° 0.206 <0.000 1
NDFg,/ % 74.48" 12.09° 58.87° 0.248 <0.000 1

DM, : T4 5 14 BRH R A 370 s DM, < 140 0 14 05 S P A 3070 5 DML, < 10 S A TR A T it 308 23 s DML, 1 ) T 14 1 T
figk F8 73 H) KEE fif 3 . DMy, - TR A AL R . NDF, « H PR % 2T 20 (9 DR 8 A 750 70 s DI« Hi P O 24 2T 2 110 1 T o fip
WRJ3 s NDF,, « P VR U 2T 4E A T 7E T 8 A 51570 s NDF, « H 4 08 4% 21 248 1) 18 S 38 Ak 350 70 1) e A 18038 s NDF < P PR R U4 2T 4 110

DM, :
fraction of dry matter; DM_ : degradation rate of the slowly degradable fraction of dry matter; DM, . effective degradability of

rapid degradable fraction of dry matter; DM, : slowly degradable fraction of dry matter; DM,,, : potentially degradable

dry matter; NDF, . rapid degradable fraction of neutral detergent fiber; NDF, . slowly degradable fraction of neutral detergent fi-
ber; NDF,_,, : potentially degradable fraction of neutral detergent fiber; NDF_ . degradation rate of the slowly degradable fraction
of neutral detergent fiber; NDF,,, . effective degradability of neutral detergent fiber.

[F) A5 B B AR AN ) - RE 7R 22 53 .35 ( P<0.05) MR BUE 7 B8 2 AN 8 3 (P>0.05) , T RIF,

In the same row, values with different letter superscripts mean significant difference ( P<0.05), while with the same or no

letter superscripts mean no significant difference ( P>0.05). The same as below.
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2.3 FHAEREIFHHBRKLE WS FERLIE
S

2% 3 AT, B TOFEOF R JIORE 2 R IR A 3
FoAT e S 0 B K A6 5 0 oy 7 S5 A b S
RSB E(P<0.05) , Horp, IR TG X
B (R 1 488~1 183 ecm™) M SRR K AL & 4
IETHI AL ( A_STCHO ) Ko I X B PN 1) 22 1~ W0 0 )
s 5 (i #0 f T A U RN R AF 2 (P <
0.05) . FEJIATF I FRg AR TR 100 £F 4 42 5 ) A G
ek B (L 1 287~1 183 cm™ ) AU TR AR (A _
CELC) Ph L 7E W X 3 ( FE£E 1 226~1 234 cm™)
e o WA U v R I8 350K 1 R JTURF B2 ( P<0.05) . IR

AR S a KA G WA C B B (B4 1 183 ~
870 cm™) RYWETH FR ( A_CHO) J 3 /> I 14y g 15
¥ 5o 25 T R TAFOF R RS A B2 (P<0.05) o TEfK
IKACA W6 % 45 4 L A9 % A T T, B RO F o
SEkrh SR oK AL B Y S B K AR G e T FR LE
(A_STCHO/A_CHO) & Z % T/ JIFF B2 AR IR
W, BB KA W 3 A FRE I & ) L B T
T JTORF B2 AT TR A ( P<0.05) o B ISR PR 43 145
WA Z 505 Sk G P B (AL
CELC/A_CHO) £ 4 & &5 45 ¥ KL &
WYy i AL 1 ( A_CELC/A_STCHO) # i F K T 14
JRAT YR AR TOFE B2 (P<0.05)

x3 ARENFAEIKEFWHRKLEYRES FEERFR

Table 3 Molecular structural characteristics of carbohydrates of different kinds of seed pumpkin by-products

Tt AT 2 R A
i H . ; , P1A
Pumpkin Pumpkin Seed pumpkin SEM
Items P-value
seed cake seed coat flesh
kKL & Wik 25 #4945 5. Characteristics of spectral structure of carbohydrates
RO A P A A_STCHO 5.59¢ 13.31° 18.85" 0.363 <0.000 1
ZER oK AL 1 7 H_STCHO 1 0.07° 0.07° 0.12° 0.002 <0.000 1
R oKL A g 1 s H_STCHO I 0.06° 0.08° 0.13* 0.002 <0.000 1
gEF R KA A P& T = H_STCHO 1II 0.00° 0.07° 0.10* 0.002 <0.000 1
2453 A i AL A_CELC 1.56° 2.79° 1.19¢ 0.048 <0.000 1
4455 7Y% = H_CELC 0.04° 0.05° 0.03° 0.002 0.000 4
Bk AL &Y Al A_CHO 23.33¢ 42.12° 59.90* 1.261 <0.000 1
BERKALEYE T & H_CHO 1 0.10° 0.13° 0.17* 0.005 0.000 1
Mok A& 1 = H_CHO 1 0.11° 0.20° 0.27° 0.005 <0.000 1
Bk E &g I H_CHO I 0.14¢ 0.30° 0.38° 0.008 <0.000 1
WKL A WG % 4579 U {H Ratio of carbohydrate spectral structure
ZEF PR K AL & 5 SR K AL S g T AR L .
. .32° 310 . .000 1
A_STCHO/A_ CHO 0.24 0.32 0.31 0.005 <0
LY 5 A Y S SR AL B W 16 T AR .
.07° .07° ) 0.001 0.000 1
A_CELC/A_CHO 0.07 0.07 0.02 <
Y2 EY S5 EE TR KL S P TRT AR L .
.28° . .06° 0.002 0.000 1
A_CELC/A_STCHO 0.28 0.21 0.06 <
BRI Gk T 56 1T a0t . .
.90* . ) 0.013 0.000 1
H_CHO I/H_CHO I 0.90 0.67 0.64 <
Bk G 1 S5k E 0w . .
75 A A 0.006 0.000 1
H_CHO I /H_CHO I 0.75 0.4 0.45 <
B AKALE i T 5 0 T AY 04 & H
WK e 2 i I 5 0 I A 5 0.84° 0.67¢ 0.70° 0.009 <0.000 1

H_CHO II/H_CHO I

LERI MR OK A B 0 X IR BE L 1 488~1 183 em™ ;414 G I X REE L 1 287~1 183 em ™5 BBk KL &4

I X L2 1 183 ~870 cm ™',

Baseline of structural carbohydrate peak area was 1488 to 1 183 cm™' ; baseline of cellulosic compounds peak area was 1 287

to 1 183 cm™'; baseline of total carbohydrate peak area was 1 183

to 870 cm ™.
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H 2 4 AT, 7R ik K46 & %) 4 4 v, NDF |
ADF ADL #1455 A_CELC 2 3 IEAHE
(r=0.96~0.99,P<0.01), Starch NFC &5 A_
STCHO ,A_CHO E M i # A5 (r=0.91~0.98,
P<0.01),'5 A_CELC/A_CHO,A_CELC/A _
STCHO 2 # & & i Ml 56 (r=-0.99~ -0.93, P<
0.01), F 24k % % # 5 A_STCHO,A_CHO X
A_STCHO/A_CHO & # i % A1 & (r=-0.98 ~
-0.93,P<0.01),5 A_CELC/A_STCHO £k &
EFEA X (r=0.89,P<0.01), CHO & H# 5 A_
STCHO ,A_CHO & A_STCHO/A_CHO &% .3
FEAHX(r=0.88~0.98,P<0.01) .,

f£ CNCPS /Kb 4531 ,CA &5 A_
CELC .A_CELC/A_CHO % i & i 405 (r=
-0.90~-0.88,P<0.01) , CB, &5 A_STCHO
A_CHO 2 FIEM K (r=0.97~0.98, P<
0.01),5 A_CELC/A_CHO .A_CELC/A_STCHO
BB ENME(r=-0.99~-0.93,P<0.01),
CB, %% 5 A_CELC,A_CELC/A_CHO X A_
CELC/A_STCHO & #% & % IE#H X (r=0.81 ~
0.94,P<0.01), CC & &5 A_CHO £ &
HHK(r=-0.80,P<0.01),5 A_CELC/A_CHO,
A_CELC/A_STCHO 2 & # IEM & (r=0.91 ~
0.99,P<0.01) ,
2.5 FRERBFONHBRKLENS FEHNEER
DM #1 NDF ¥ B M4 2 BIHEX X &

th % 4 W %1, DM, DM, DM, # & DM,
5 A_CELC 2} i #Z A (r=-0.98~-0.83,
P<0.01) ,DM_ 5 A_STCHO/A_CHO £ I 3 i
FI3&(r=-0.91,P<0.01), NDF, % NDF, 5A_
STCHO/A_CHO £ % & # 7 A & (r=-0.90 ~
-0.86,P<0.01) ,NDF, NDF ,,, % #& 5 A_CELC
EWEENMHL(r=-0.99~-0.97, P<0.01),
NDF,, 5 A_CELC f£1EM i 2 5 AH & (r=-0.89,
P<0.01),

3 3
3.1 FABERE =Y ERLFERS.CNCPS
BRI EMASFIEBREESE

NDF -4 % 2272 R FUA T 2 4L, 27 4

R PR R E AR, MR T E A E
HOR AT R, T DUHS & 8, A AR TR AT LY L CP
I NDF BT AL AR5 %W,
JIVKE 2 1Y) NDF . ADF | ADL F1 £ 4 2% 14 & & 2 5%
1, IR 2 Bl e AR B — s AORLAF A B S
MR A E 45 0 MR oK A6 & 40 (A BRomE | 5E A AR
RO ) BENS A IR P R R Y I NFC A9 &
7ol 22 10 I R ) R R Y SR R T IR
PG B R A DRI R IR A B S
WKL &Y & mEm, il LU R4 sh P it £
MIfER . B JIVHUF ADF A1 ADL (1) & & 55 IR
PR B fE AL, T NFC 1 CHO Y& f 78 3 Fhl
i AL TF S5 AR K -, 156 B R TR DR )4 3 i
BEryRe A R, HJ2, m TOFUF OB 2R 1 BT 1
e, AR S A B0 T 0 BRI SR =
BAEFD R E A R

CNCPS fi /KA A W20 53 7T LA e e v s 7K
TG WTERE B IR EE T, CNCPS 1 R 1 i
KALE R 73R 4 AFB 5T CA WSS [ CB, M
AR \CB, S 0l F| FH£F 4 . CC b A ] Fi) FH £F
4k, R iE, CA CB, #il CB, & & &, CC B &
SRR T, UL B R E R B rh B B R R
BRI RIS, BRI CA I CB, [ F
w4 f i, CC 1Y & = m A%, Ui WA g IR A 7R
KA A Y E 37 7 M AR . (AA R R
PITE I 4 sh )78 35 vh v - I B R 2 B0 8
I B R R S G T e A O 1

ik SR AR RVAST 4 3 R AN N
e figp 05 4 ek ) 14 o 2 A VR ARk 1 98 5 A 0 9% i
% H DM F NDF (1) B fif #2 B 2 [8] 17 78 #H 5%
PEUTT AR B 4 R R, B R AT 2 A9 DM I
NDF PR [ fife 38 43 10 157 5 e 2> A 1] B i 350 43 119
TR, P I B A SO0 % R AR, R
DEFI RS SR A 1) DM A 830K i R AR AL, Ui B e R
FEDFFI RS SR 1R 1 02 38 % £ 5 73 #H {1l . NDF F B
RREPE S 27 e 3 2F 4 R ORUR T 38 55 1) k) iy
YA m A H I, X 8 41 2 43 1 A8
(R 1) FERRAR R & a2k, S 8T A H
A=) 2 [8] NDF A 30 iR 24 5% ftn]
U, A7 FH R JICE 7= 9 B K AL A 90 143 FT CNCPS 41
YIS 33T DM I NDF B9 B Wi 2800
A,
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Comparison of Nutritional Value, Rumen Degradation Characteristics and
Their Relationships with Carbohydrate Molecular
Structures of Seed Pumpkin By-Products

LYU Jingyi' LI Guanglei' DU Hongbo® WANG Yigiang' ZHANG Shuzhi®
ZHANG Yonggen' LI Yang'® XIN Hangshu'~

(1. College of Animal Science and Technology, Northeast Agricultural University, Harbin 150030, China; 2. Hanzhong
Tobacco Company Nanzheng Branch, Hanzhong 723102, China; 3. Shenyang Hefeng Ruminant
Feed Co., Ltd., Shenyang 110164, China)

Abstract; The study was conducted to investigate the relationships between nutritional value and rumen degra-
dation characteristics and their molecular structural profiles within carbohydrate regions in seed pumpkin by-
products including pumpkin seed cake, pumpkin seed coat and seed pumpkin flesh. The carbohydrate composi-
tions, in situ rumen degradation parameters of dry matter and neutral detergent fiber and Cornell net carbohy-
drate-protein system ( CNCPS) subfractions of seed pumpkin by-products were determined. Meanwhile, the
Fourier transform infrared spectroscopy ( FTIR) technology was used to analyze the molecular structural pro-
files within carbohydrate regions. The results showed as follows: 1) there were significant differences in carbo-
hydrate components of seed pumpkin by-products ( P<0.05). The contents of neutral detergent fiber, acid de-
tergent fiber, acid detergent lignin and cellulose in pumpkin seed skin were the highest, whereas the contents of
starch, non-fiber carbohydrate and total carbohydrate were higher in seed pumpkin flesh. The content of rapid
degradation part of carbohydrate in the seed pumpkin flesh was significantly higher than that of the other two
by-products ( P<0.05) , while the content of non-degradable carbohydrate was the lowest ( P<0.05). The ru-
men effective degradation rates of dry matter and neutral detergent fiber in pumpkin seed cake and seed pump-
kin flesh were significantly higher than those in pumpkin seed coat ( P<0.05) ; 2) the peak heights and areas
within regions of structural carbohydrate and total carbohydrate were the highest in seed pumpkin flesh. Where-
as the peak area and height within the cellulose components region in pumpkin seed coat were significantly
higher than those in the other two byproduct samples ( P<0.05) ; 3) there were significant correlations between
the peak areas and peak height ratios of pumpkin seed cake, pumpkin seed coat and seed pumpkin flesh, carbo-
hydrate components and rumen degradation kinetics ( P<0.05). In summary, there are remarkable differences
in nutritional characteristics and carbohydrate molecular structural parameters among pumpkin seed cake,
pumpkin seed coat and seed pumpkin flesh, and there are some correlations between them. [ Chinese Journal of
Animal Nutrition, 2021, 33(5) :2971-2981 ]

Key words: by-products of seed pumpkin; nutritional value; FTIR technique; carbohydrate molecular struc-

ture; correlation
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