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The influences of xylanase added in wheat basal diet
on intestine chyme viscosity and the development
of villi and microvilli of Tilapia nilotica

NIE Guo-xing'**, WANG Jun-li', ZHU Ming-wei' , ZHOU Hong-qi’
(1. College of Life Sciences, Henan Normal University, Xinxiang 453007, China;
2. College of Aqua-life Science and Technology, Shanghai Fisheries University, Shanghai 200090, China)

Abstract: Wheat is important cereal crop in our country. Recently, because of the rise of science and
technology, the output of wheat have increased significantly and exceeded in phase and structure.
Meanwhile, the flourishing developments of aquatic feed industries have been restricted seriously by the
defect of raw material. Using wheat as raw material of feed, carrying out transformation and consumption
by aquaculture, all of these now possess the resources feasibility. The use of wheat in aquatic feed industry
as major energy feed has been restricted because of xylan. In the past few years, the application of feed
xylanase with wheat basal diet has resolved the problems of the anti-nutrition of xylan successfully.
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Xylanase could improve the growth of aquatic animals fed with wheat basal diet. But there weren’ t any
researches about the mechanism of xylanase promoting aquatic animals’ growth at home and abroad. The
purpose of adding xylanase to wheat basal diet in this paper was to study the influences of xylanase on
intestine chyme viscosity, on the developments of intestine villi and microvilli. In this study we also probed
into the relationship between intestinal environment and the developments of villi and microvilli, displayed
the mechanism of xylanase relieving the anti-nutrition of xylan and promoting Tilapia nilotica’ s growth.
Wheat basal diet was control. The tested diets were wheat basal diet added with different levels of xylanase
(0.05% , 0.10% , and 0. 15% respectively). Each treatment was devised with 5 repeats and each repeat
had 40 male Tilapia nilotica. The fish in floating cages were fed to satiation for 75 days. The results
indicated that adding xylanase to wheat basal diet could decrease intestine chyme viscosity, promote the
developments of villi and microvilli of Tilapia nilotica. The intestine chyme viscosity of 0. 05% ,0. 10% ,
0.15% xylanase groups [ (13.75 £0.45) cps, (12.23 £0.16) cps and (11.92 £0.22) cps respectively)
Jwas significantly lower than that of control [ (15.21 £0.29) cps] (P <0.01). The number and diameter
of adhering granule on the villi surface of fore-gut, mid-gut and hind-gut of tested groups significantly
decreased with supplement of xylanase. The height and density of intestine villi of the tested groups were
significantly improved. The height, width and density of intestine villi of 0. 10% xylanas group were
significantly higher than that of control (P <0.01). According to the states of intestine chyme viscosity,
villi and microvilli development in this study, we concluded that fore-gut and mid-gut of Tilapia nilotica
were the major places of digestion and absorption. The appropriate amount of xylanase added to wheat basal
diet was 0. 10% . This study firstly investigated the relationship between xylanase and intestine chyme
viscosity, as well as the relationship between intestine chyme viscosity and the development of villi and
microvilli. From histology aspect, this study also clarified the mechanism of xylanase improving Tilapia
nilotica’ s growth, and put forward the concept of “fold villi”.

Key words : wheat basal diet; xylanase; Tilapia nilotica; chyme viscosity; intestine villi
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Tab.1 Composition of the experimental diet and its nutrition level

FEER 5B R R pugistiil I test groups

raw material and nutrient of experimental diet control group 0.05% 0.10% 0.15%
/N (#:3 34) wheat (Yumai 34) 50.00 50.00 50.00 50.00
K &M soybean meal solvent 23.00 23.00 23.00 23.00
HEFFHT cottonseed meal solvent 2.00 2.00 2.00 2.00
PRI rapessed meal solvent 2.00 2.00 2.00 2.00
4}y fish meal 19.00 18.95 18.85 18.80
S 4L JIHBH choline chloride 0.15 0.15 0.15 0.15
1.25% FiiE#l 1.25% premix 1.25 1.25 1.25 1.25
£ fish oil 1.40 1.40 1.40 1.40
Wik — 445 CaH,PO, 1.50 1.50 1.50 1.50
AR B xylanase 0 0.05 0.10 0.15
JK4) moisture 8.59 8.36 8.62 8.86
FLEH crude protein 30.32 30.29 30.24 30.21
MRS HT crude fat 3.46 3.46 3.46 3.45
HEF4E crude fiber 2.65 2.65 2.66 2.66
MK 4) crude ash 4.94 4.93 4.92 4.92
A %Mk available phosphorate 0.97 0.97 0.96 0.96
HiE R lysine 1.74 1.74 1.74 1.73
%% % methionine 0.61 0.61 0.61 0.61
BAZHE total xylan 4.23 4.23 4.23 4.23
] AR B BE water soluble xylan 1.05 1.06 1.05 1.05

745 1000 g 1.25% BURkH4r: V75 x10*1U, VD,15 x10*IU, V14 g, VK,;325 mg, VB,1500 mg, VB,1250 mg, VB,1100 mg,
VB4 mg, V2.5 g, ILR5.5 g, MR 4 g, ZMR4.5 g, MR 70 mg, A:¥)FK 125 mg, JHHH 150 g, $645 g, %15 ¢, 4§0.35 g, $£3 g,

41.5¢g, P50 mg, 9 mg, 411 mg, 105 g, 45330 g.

Notes: Premix includes( per 1000g) : V75 x10* TU, VD,15 x10* IU, V.14 g, VK;325 mg, VB, 1500 mg, VB, 1250 mg, VB, 1100
mg, VB, 4 mg, V. 2.5 g, creatine 5.5 g, nincia4 g, pantothenic acid 4.5 g, folic acid 70 mg, biotin 125 mg, choline chloride 150 g, Mg
45¢g,Fel5g,Cu0.35g,Zn3 g, Mn 1.5 g, I50 mg, Se 9 mg, Co 11 mg, P 105 g, Ca 330 g.
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Tab.2 The height, width and density of intestinal villus

n=>5

—— s RO B o 0% AR 0.15% KA
control group 0.05% xylanase 0.10% xylanase 0.15% xylanase

A () Rl fore-gut 327.00 +15.445° 334.60 +15. 5750 368.80 +17.5142 330.20 +16. 575
height of villus 1 ji7 mid-gut 353.20 +18.10%° 381.00 +17.825° 431.00 +18.68%*  374.60 +15.655>
J5 % hind-gut 67.40 £3.91% 158.80 +9.475° 187.00 +£8.3142 150.20 7. 055

Rl fore-gut 86.20 +4.325° 103.40 +4.8342 106.00 +6. 0042 101.40 +4. 8342

%ﬁffi}‘ﬁ) 1% mid-gut 83.40 £3.91% 99.20 +4. 87482 103.20 +5. 8942 92.80 +3.965°
J5 % hind-gut 117.00 £12.23 142.40 +11.595° 190. 60 +8. 654 124.60 9. 155

Hif% fore-gut 56.60 +3.98% 64.40 4. 285° 71.20 £2. 1742 63.00 £2.005°

gﬁfﬁ%(ﬁ:ﬁ;ﬁ) t1fi7 mid-gut 48.40 +1.14% 59.00 +2. 00AB® 61.60 +0. 894 56.40 +1.528¢

J5 % hind-gut 19.40 +1.52¢ 26.40 +1.345° 30.20 +0. 8442 21.20 +0.45°

I R REFRARRRZE B E (P <0.01) , NEFRARFREREE(P<0.05)
Notes : Different capital letters in the same line indicate significant difference at P <0.01, different letters indicate difference at P <0. 05

among treatments
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Bl ARLGERFTFESHEAEHHBEFEE( x80)
Plate I Scanning electron microphotographs of intestinal villus( x80)
1 ~4. B4R SEM [, U Xt iRZH 0. 05 % A L 0. 10% A RHHREL % 1 0. 15% ARRHHAA ,1,2,3 ik RBEHURL;S5 ~ 8.
Fl2EE SEM [, U A3 B2 0. 05% A SR BERFZH 0. 10% A RBEAGL % 71 0. 15% A RHBEAGH ,5 i KRB MM 6 i kx
RO ~12. J5IH4E SEM [, U A B (0. 05% A SRBE AL 0. 10% A FRAEAGL % F1 0. 15% A RHERELH
1 —4. SEM photos of fore-gut villus. The sequence is treatment | — V. Arrows indicate the chyme granule in 1,2 and 3;5 —8. SEM photos of

mid-gut villus. The sequence is treatment | —IV. Arrowheads indicate viscid substance between villi in 5 and chyme granule in 6;9 —12. SEM
photos of hind-gut villus. The sequence is treatment | — IV
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PlatelI Scanning electron microphotographs of intestinal microvillus ( x5000)
1 ~4. BB EEE SEM I8, MU 3o B4 0. 05% A SR B BEL 0. 10% A SRAEEEL % 71 0. 15% A RHERGA 2,4 FPHI KRGS ~ 8.
AT SEM B, KK A% R 0. 05% A SEFHARA (0. 10% A RMHRELH % F1 0. 15% A RHEAGA ;9 ~ 12. J5 3 4E SEM &, #K K
X R (0. 05% A SHERFL 0. 10% ASRBERFL % 1 0. 15% ARHERGE 9,12 FP#f ko PR 4L
1 —4. SEM photos of fore-gut microvillus. The sequence is treatment | — V. Arrows indicate the goblet cell in 2 and 4 ;5 —8. SEM photos of

mid-gut microvillus. The sequence is treatment | — IV;9 —12. SEM photos of hind-gut microvillus. The sequence is treatment ] — IV.
Arrowheads indicate the goblet cell in 9 and 12
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