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Abstract: To investigate the effects of cecal fermentation products on donkey milk synthesis, 4
donkeys installed permanently cecal fistula were selected (body weight (182+£9) kg) at late lacta-
tion stage ((155 %+ 15) d). Through continuous infusion method via cecum, using 4 X 4 Latin
square design, 3 different proportions and combinations of short chain fatty acids (SCFA) were
continuous infused for 3 h: AP group (acetic acid of 150 mmol « h™' + propionic acid of 50
mmol « h™'),AB group (acetic acid of 170 mmol * h™' -+ butyric acid of 30 mmol « h™'), APB
group (acetic acid of 130 mmol « h™!' + propionic acid of 50 mmol « h™! + butyric acid of 20
mmol « h™'),and the control group was perfused equivalent volume of buffer solution, to study
the effects of different compositions and proportions of SCFA on donkey milk production and milk
fatty acids. The results showed that there was no significant difference (P>>0.10) in milk yield

among different treatments. Milk fat,non-fat solid,lactose and protein contents were significantly
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higher in AB group than in APB group (P<C0.10);In AP and AB groups,milk protein contents

were significantly higher than that in the APB group (P<C0. 10),the other indices of milk constit-

uents showed no significant difference among different groups (P>>0.10). Compared to control

group,percent of middle-chain fatty acids in AP and APB groups were significantly increased

(P<C0. 05), while percent of the long-chain fatty acids in AP, AB and APB groups were lower

than that in control group(P <C0. 05). It was concluded that infusion of acetic and butyric acids

through cecum helped to improve contents of milk constituents,and infusion of acetic and propi-

onic acids increased percent of middle-chain fatty acids of milk fat, SCFAs from cecum directly af-

fected donkey milk synthesis.

Key words: cecum;continuous infusion method;short-chain fatty acid;donkey milk;fatty acid
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Table 1 Ingredient and nutrient level of the diets(DM basis)

%
i H Ttem Fit . Ratio
TR 4 i Ingredient
F 5 Wheat straw 75. 0
E K Corn 11.2
/NF Wheat 1.2
K1 Soya-bean meal 2.5
i T #5 K3 Gossypol-deprived cotton meal 3.7
45 Cotton cake 2.5
# #k Wheat bran 2.5
TRk Premix' 1.2
+ Salt 0.1

%K F Nutrient level

#Ag 5 Ether extraction 8. 35
F##E H Crude protein 9.01
BRI VR 2T 4k Acid detergent fiber 38. 34
L JK 43 Crude ash 12. 83
45 Calcium 0. 44
#§ Phosphorus 0. 30

LoOTIRORHAH L 4E AR A 80 000 TU kg ', 4EA K Dy
40 000 TU « kg™, 42 2 E 800 mg » kg ', 42 % K, 45
mge+kg ', 4k K B 20 mg ¢ kg ', 44 K B, 150
mge+kg ', 4 & K By 10 mgekg ', 4 & E B, 0.5
mg « kg ' MHER 600 mg - kg ' VZ R4S 350 mg - kg L MR
10 mg *» kg ' AWK 40 mg « kg 'L JHHE 12 500 mg « kg™ ',
% 3000 mg + kg ', 41 500 mg + kg ', 4% 3 000 mg - kg ',
45 2 000 mg + kg™ ', M 100 mg + kg ', A 10 mg « kg ', 44
30 mg « kg MR 296 .45 16 % . 824, S Ak 3%

', Ingredients of premix: VA 80 000 IU « kg™', VD, 40 000
U+ kg ', VE 800 mg+ kg ', VK; 45 mg« kg ', VB, 20
mg kg ', VB, 150 mg« kg ', VB; 10 mg * kg ', VB, 0.5
mg * kg™, Niacin 600 mg * kg ', Calcium pantothenate 350

mg « kg ', Folic acid 10 mg * kg ', Biotin 40 mg « kg ',
Choline 12 500 mg+ kg ', Fe 3 000 mg-« kg ', Cu 500
mg + kg ',Zn 3 000 mg *+ kg”',Mn 2 000 mg + kg ',1 100
mg + kg !',Se 10 mg » kg !, Co 30 mg* kg ', Lys 2%, Ca

15%,P 8% .NaCl 3%

4.2 BALHE L B 0.1 g Wil OF 3 21 0.1
mg) il )5 » BT 2 L IA 0.5 mol « LT 1Y

AW B W 5 mL, & T (50+£2) CKiF 15
min, JIAERBR-H B2 i 5 mL. B T 80 ‘C /K 60
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mL « min~ ' HE 230 ¢ 15 HERE IR . 240 C T
BAER .70 C.4 min~13 C/min,175 C,27 min~
4 °C/min,220 °C,40 min, 3t 90. 33 min,
1.5 HiEHZIT
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Table 2 Composition and concentration of infused SCFA in different treatments mmol « h™*
e B Concentration Xt HE 4 Control LN AP group Z T4 AB group W T4 APB group
.’ Acetic acid 0 150 170 130
R Propionic acid 0 50 0 50
T Butyric acid 0 0 30 20

x3 EWHELEHEE SCFA NP AT EMI KD

Table 3 Effect of continuous infusion of SCFA via cecum on milk yield and milk constituent of donkey

WiH X B2 VAL ZTH ZNTH P {H s 1%
Item Control AP group AB group APB group P value STDEV
Ao 8/ (kg « dHMilk yield 0.29 0. 31 0. 31 0. 30 0.793 0.020
FLE & /% Milk fat content 0. 922" 1. 0348 1.08% 0. 90" 0. 096 0. 087
A g BT Y1 & i/ % Non-fat solid content 8. 36" 8. 3670 8. 45" 7. 63" 0.083 0.376
FLBE & &/ % Milk lactose content 5. 5048 5. 4948 5. 554 5.01% 0. 084 0.248
FLEE & E/ % Milk protein content 2. 394 2.40 A 2.424° 2.18% 0.073 0.107
JK 4y &/ Y% Ash content 0.47 0. 47 0.47 0.43 0.102 0.023

[ 47 %4 8 AR T - B SO ) 2 B 3R 22 e A 3 PR R RoR 2 5 B3 . T&RE . Alpha=0. 10
Values in the same row without letter superscripts or with the same letter superscripts mean no significant difference, while

with different letter superscripts mean significant difference. The same as below. Alpha=0. 10

R4 EHELEEE SCFA X130 L BE BF B 248 5 B 2210

Table 4 Effect of continuous infusion of SCFA via cecum on milk fatty acid profile of donkey %
H Xif HE 20 ZNAH ZTH ZNTH P {H Fr i i
Item Control AP group AB group APB group P value STDEV
1% Octanoate C8:0 0. 86" 5.09% 2.0978 3. 7078 0.098 0.013
2418 Decanoate C10:0 5. 48°¢ 12. 454 7. 645 9. 8248 0.023 1.138
+ —f% Uncdecanoate C11:0 1. 30¢ 2.894 1. 96" 2.238 0.002 0.161
AR Laurate C12:0 8. 83" 13. 26 11. 0878 11. 2948 0.128 1. 074
H MR Myristate C14:0 7.19 8. 31 8.53 7.88 0. 687 0. 823
FEHE AR Palmitate C16:0 16. 55 14. 05" 17. 15" 15. 59" 0. 140 0. 826
1ZHE R Palmitoleate C16:1 1. 96 1.91 2.01 2.03 0. 982 0. 234
ff JE R Stearate C18:0 1. 34 0. 95 1. 10 1. 25 0.623 0.215
MR cis-9-oleicacid C18:1 24. 264 16. 65¢ 21. 602 18. 83" 0.032 1. 366
Wi R LinoleateC18.2 29. 194 21. 91" 24. 34" 24.09" 0. 006 0. 879
W JBRER LinolenateC18:3 3.06%F 2. 5548 2.42" 3.31% 0. 081 0.218
Hh B i i TR . .

15. 16 30. 79" 20. 81% 24. 81" 0. 009 2.070
Middle chain fatty acids(C8.:0+C10:0+C12:0)
Hh IS NI 7 R

25.69 24. 26 27.69 25.49 0. 499 1. 506

Mid-long chain fatty acids (C14+4-C16)
K45 Wi 2 Long chain fatty acidsC18:0+C18:
1+C18:2+C18:3)

57.85% 42.06° 47. 48% 49. 55" 0.009 2.033

Alpha=0. 05

Z % M. ]. Glinsky %" ]R3, % 5 H I SCFA
3 3 R () R P2 A 2R 2y 3. 95~5. 78 mmol » min ', [N
EA NI FH B SCEA 7= A4 o 2% 1 32 38 4 FRZ5M 1.03~1.56 mmol « min ', T EZ 2N 0. 40~



1426 )

H

E o 47 %

0. 63 mmol « min ", K4 H T BR{E 5 M £ . 5 F
T BRIAVAH T R ASBE S T AR Y SCEA 245
FE A

Je e 90% iy SCFA a] #% 45 g 40 it W Wie A
I MRS 1 20 TR 3B 43 AT O 55 D9 U 4 R 4
B o 60 26 B EC FLIR AL Ho 55 B B 19 R
056 LR Bt o 3 3 0 DA I Y R U ) R T L
Aoy o WAFLA 8] M v SCEA T T A0 I W 1Y 73
TC A2 T AR B SR KT AR TN B SR A A 45 TR R i
M o A7 7E 41 20 1) e 6 kR0 . TR o 9 3L R
I 55 4 TR A 1 7 R 2H A A 25 5 . LRI 3 A
Ik 5 2 sh W i FLAG e iR DR 2R s B 32 5
ZINJi o i AR R 7 D T P W SR A I R T 5 i L
f A FH RV R KLY )5 M SCFA #2532 JE
AR A B X — 058 b 2 R TR SCFA |
5 %5 L g 7 T 2L B A B 48] 1 s i AN TR) . R I i A
J& W %o FLRE A BUER A 5 e {EL R A0S i v 2L R Y
A A 1 TRk i — 2P E ST .

BT 9 R AT PR K AR A B
3 2R AR A Ak R I AS T T T R A D i
FERATHEER ARG MR EED . E—
R BRI M 1 2 5T L A B T SCFA JE T =R T A= 9
AR, S SCFA FE LR N F .15 652 ~
70 INBR 5 1520 ~20% .1 TR & 5% ~10% . H
KRAELESE TR AR . G. den Besten
FRE kA TR B SCFA 71z 2 5 ik
05 FOBE AR L 5 W b 7 AR T R 4 S 5 T R R TR R
JEL ] P2 S B A O TR SEE K 5k A L {H A 6 ) 2
RE RS T HIEIR L B3 LT3 T A48 5 S (P<<
0. 05) A VE 1 4 % A el 15 R A8 i 1R % A 5% 1 T
GG FL b R AR W R . 5 I A4 s SCFA 11
PEFE D), 3 AT g 36 B 9P 4R o B M i g
Y. 558 8 R s e I A A B A 3 A
B AR 3 A2 FBL ) 55 2 — 20 5T

FEJG A, SR R AT IR 8] AT AH B AR Ak G
Higomm T s REw e, 2mEZEM
FAREM AR NRAEEREY S 56N
WL TR R EAE A R AR . T R A
TRRE A RRRT A, XUl W] Tl h & T R4l 5
FUIG & A M R . R R A SN E G 24 i i
(=2 SCEA W) J5t . 17 D3 R A0 T IR ok 3 A I . A
Fo T X BRAH . SN FU NG b 35 M $ v Sk & IR
IR Lb ) s 3k 2 TR O T IR A B 2 — Tl i R RE )

J i LA T R N Sk A R — A AR AR A A A
VR B Y TR B 091 A B A R B e L
i Sk B B TR BRI IR LE B . 2T 26 SR W IR
AR R ) 5 of B2 25 S /N - ST AR FLIR I R 1Y
EWA T ONME T A Z 6, w] G802 b T T R AU
T B T MO T LR FLIR Wi e & B A KM A
FERSY . LGk E . AN T 708 D7 R 41
SRR . T. M. Wolever 552 fF 58 4 B .ty T 1 45
fn i SR AN R AT AE AT - NIR Ik D T B P ol 2 1R
FHF A FRRRL [ i ) L 5] 5 DT A0 R £ R 5L i 7 TR
BRI

4 & g

W AR Y E W b R R R B ) RN 4 R B SC-
FA R R CERM T RA A H R & P 7L & 8w
VER H R RN TN BR 21 4 0 35 4% = FL AR 17 IR 1 o 4
JEWFER LB, £ W H b SCFA X3P 3L & i 2
A ATT ZARI S

% % 3L #f ( References) :

[1] TRINCHESE G,CAVALIERE G,CANANI R B, et
al. Human, donkey and cow milk differently affects
energy efficiency and inflammatory state by modula-
ting mitochondria function and gut microbiotal J]. J
Nutr Biochem ,2015,26(11) :1136-1146.

[2] LIONETTI L,CAVALIERE G,BERGAMO P,et al.
Diet supplementation with donkey milk upregulates
liver mitochondrial uncoupling, reduces energy effi-
ciency and improves antioxidant and antiinflammatory
defences in rats[J]. Mol Nutr Food Res, 2012, 56
(10):1596-1600.

[3] MAOY X,GU J,SUN Y,et al. Anti-proliferative and
anti-tumor effect of active components in donkey milk
on A549 human lung cells[J]. Int Dairy J ,2009,19
(11):703-708.

[4] AMATI L, MARZULLI G, MARTULLI M, et al.
Donkey and goat milk intake and modulation of the
human aged immune response[ ] ]. Curr Pharm Des,
2010,16(7) :864-869.

[5] MARTEMUCCI G,D’ ALESSANDRO A G. Fat con-
tent, energy value and fatty acid profile of donkey
milk during lactation and implications for human nu-
trition[ J . Lipids Health Dis,2012,11:113. doi: 10.
1186/1476-511X-11-113.

[6] ZOU X,HUANG J,JIN Q,et al. Lipid composition



73

JR/NE 2 E R HETE R [R] SCEA X B L Az ™ 1 g M LR 7 9 2 78 14 3 T

1427

L7]

[8]

L9]

[10]

[11]

[12]

[13]

[14]

[15]

analysis of milk fats from different mammalian spe-
cies: potential for use as human milk fat substitutes
[J]. J Agric Food Chem ,2013,61(29) :7070-7080.
DOREAU M, BAUCHART D,CHILLIARD Y. En-
hancing fatty acid composition of milk and meat
through animal feeding[J]. Anim Prod Sci,2010,51
(1):19-29.

DUVAUX-PONTER C, TOURNIE M, DETRI-
MONT L,et al. Effect of a supplement rich in linole-
nic acid added to the diet of mares on fatty acid com-
position of mammary secretions and the acquisition of
passive immunity in the foal[ J]. Anim Sci,2004,78
(3):399-407.

HOFFMAN R M,KRONFELD D S,HERBEIN ] H,
et al. Dietary carbohydrates and fat influence milk
composition and fatty acid profile of mare’s milk[]].
J Nutr.1998,128(12 Suppl) :27085-27118.

COWIE A T,DUNCOMBE W G,FOLLEY S J,et al.
Synthesis of milk fat from acetic acid (CH}' COOH)
by the perfused isolated bovine udder[J]. Biochem J ,
1951,49(5) :610-615.

HINTZ F H,SCHRYVER H F,STEVENS C E. Di-
gestion and absorption in the hindgut of nonruminant
herbivores[ J]. J Anim Sci,1978,46(6) :1803-1807.
PRAR T, RN 3 B 45 R TR AR 9 19 )5 T LGB
R R P G B R S e AL B A A BT R LT ). S R
KR ,2012,24(4) . 7-16.

CHEN G Y,ZHOU X L, JIANG H, et al. Primary
analysis of the contents and composition of volatile
fatty acids in hind gut of different ages of donkeys
[J]. Journal of Tarim University,2012,24(4):7-
16. (in Chinese)

DEN BESTEN G, LANGE K, HAVINGA R, et al.
Gut-derived short-chain fatty acids are vividly assimi-
lated into host carbohydrates and lipids[J]. Am J
Physiol Gastrointest Liver Physiol ,2013,305(12):
G900-G910.

SUAGEE J K,CORL B A,CRISMAN M V,et al. De
novo fatty acid synthesis and NADPH generation in
equine adipose and liver tissue[ ] ]. Comp Biochem
Physiol B Biochem Mol Biol ,2010,155(3) :322-326.
JE/NES  BRAR T M BT . SE L R AR DRORE (13D
C-Z R I FL A& L e ma [C/ /v [ 3 8 12 2
gy WEE RS B S g o R 2.
Jeat . EE RS EE S D% 57 4x,2014: 2.

ZHOU X L,CHEN G Y, GEMINGULI, et al. Effect
of cecal and intravenous infusion of 13C-acetate on
milk constituent’s synthesis[ C]// Horse Association

of CAAV. Proceedings of the inaugural meeting of

[16]

[17]

[18]

[19]

(20]

[21]

[22]

(23]

[24]

[26]

horse association of CAAV. Beijing: Horse Associa-
tion of CAAV,2014.2. (in Chinese)
K. AR AT S e A I B AR (M. 5 3 RR.
b0 A E A R R 2007 :48-80.
ZHANG L Y. Feed Analysis and feed quality testing
technology[ M ]. 3rd ed. Beijing: China Agricultural
University Press,2007:48-80. (in Chinese)
GLINSKY M J.SMITH R M, SPIRES H R, et al.
Measurement of volatile fatty acid production rates in
the cecum of the pony[J]. J Anim Sci 1976.42(6) ;
1465-1470.
POUTEAU E,NGUYEN P, BALLEVRE O, et al.
Production rates and metabolism of short-chain fatty
acids in the colon and whole body using stable iso-
topes[J]. Proc Nutr Soc,2003,62(1):87-93.
FROST G,SLEETH M L,SAHURI-ARISOYLU M,
et al. The short-chain fatty acid acetate reduces appe-
tite via a central homeostatic mechanism [ J]. Nat
Commun ,2014,5:3611. doi:10. 1038/ncomms4611.
BICKERTON A S,ROBERTS R,FIELDING B A, et
al. Preferential uptake of dietary fatty acids in adipose
tissue and muscle in the postprandial period[]]. Dia-
betes,2007,56(1) :168-176.
SANTOS A S.RODRIGUES M A,BESSA R J.et al.
Understanding the equine cecum-colon ecosystem:
current knowledge and future perspectives[]J]. Ani-
mal,2011,5(1) .48-56.
BOCRLG RS E . BEE % 0 H T NI A B
IR HOIR & 5 & B 07 1R o 3 1l = 3L IR & R 5
(1. % ¥ B2 22 4], 2009, 40(7) : 1028-1036.
CHENG G M,LIN X Y,LI F C,et al. The influence
of acetate and propionate molar ration in ruminally in-
fused volatile fatty acid mixtures on milk fat synthesis
in lactating goats[ J . Acta Veterinaria et Zootechnica
Sinica ,2009,40(7):1028-1036. (in Chinese)
FORD E ], SIMMONS H A. Gluconeogenesis from
caecal propionate in the horse[ J]. Br J Nutr, 1985,
53(1) :55-60.
WILLIAMS B A, VERSTEGEN M W, TAMMINGA
S. Fermentation in the large intestine of single-stom-
ached animals and its relationship to animal health
[J]. Nutr Res Rev,2001,14(2) :207-228.
FORSBERG N E.,BALDWIN R L.SMITH N E.
Roles of acetate and its interactions with glucose and
lactate in cow mammary tissue [J]. J Dairy Sci,
1984,67(10) :2247-2254.
WOLEVER T M,SPADAFORA P, ESHUIS H. In-
teraction between colonic acetate and propionate in
humans[J]. Am J Clin Nutr,1991,53(3) :681-687.
€1 W SN





