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Note: The dots correspond to the experimental values, the solid lines to the
fitting values of nonlinear first order kinetics model.
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Fig.2 Gelatinization kinetics curves of feed with different
moisture at different heat treatment temperatures
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Tablel Fitting values of parameters with the first order
gelatinization kinetic model
Ky | MmEmEE W R
Moisture Heat B 7!:% IS Coefficient of
% treatment ) Rate constant £ Infinite factor o, deterrmznatlon
temperature 7/°C R

75 2.071 6+£0.151 0 0.157 4+0.002 3 0.9939

80 2.120 3+0.220 2 0.168 9+0.003 4 0.987 8

25 85 2.276 2+0.138 6 0.210 4+0.002 4 0.996 1

90 2.449 8+0.149 4 0.257 1+0.002 8 0.996 3

95 2.5159+0.325 1 0.304 3+0.007 0 0.984 1

75 1.310 6+0.042 6 0.306 3+0.002 3 0.998 6

80 1.600 0+0.117 4 0.336 2+0.009 0 0.992 9

30 85 2.281 0+£0.100 2 0.450 2+0.003 7 0.998 0

90 2.631 1£0.296 6 0.510 9+£0.009 9 0.988 5

95 3.519 1+0.597 9 0.638 9+0.014 6 0.983 4
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Note: The arrows and rectangles represent starch granules with different disappearance degree of birefringence.
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Fig.4 Polarizing photomicrographs of feed samples with 25% moisture after heat treatment at different temperatures for 3 min

2.3 X-HE&THEESERENST

HHERDEMIAL B 77 5 0 2 A T 0, A S AR D0FA 3 min 2
AL TR, ik, N7 05 A R X A k)
FE b SRR SR B2, X ANFART (A9 3 min FORE S 3EAT
X-SHERATE M. JRFE S A A B S G X5 2R AT
SEEWE S o, B 6 ik et & o IR AR X &5 &
fH. TR RER bR T EKiER S, EEH D
EI SRR, FrLAERESRICN C BEE R ERE, 50
TERTSTFA 5.6° 15°, 17°. 18°H 23°4bF #5mIGAE ; &t
I AAEER R S ATHS AR 5.6 AR IEAETE R, AR
A A RS SR, X R ER A S RHE R L S
IR, M T B KER, SRNEM I AEE 2, pEE
AR BT S, TEATSS AR 20040 AR X 55 B A7 1G i
B, 2 25% K A RHERAC IR B 95 Ty 30%7K 4y
TR F R FE i T 85 CHY, TERTHT M 2004 T AR
BRI, FEARN v R g S, XU R B R - R R
SEWTE R BRI A7 AL T U8 ORI TG 5E TE
X, ESCadrds A BRAK S 2 4F T, FAKE B RHE R
WURLI 25 0 AR A0 E B R TC e TE X R IR, X (Rt T A%
FERMINR W, 5 T S5 RHEE 7 A 0 i 53 o) T R L e
M-NERE A

i 6 vl WL, 76N Ta] 3 min 2508 R, PbELS[E
RTARLERE i AR 45 SR R, T3 i 7K o il R R AL FE
FE s TR IR TE R, 30%/K 73 1REHE 75, 80
95 CHHXT 25 Bh I 25% 7K 73 VA R BEAIG o e A F A 3L

Original sample

5 10 15 20 25 30 35 40
#75t fDiffraction angle (200 /(° )
a. 25%7K 45y
a. 25% Moisture

S55b &
f NI~CO o
R Lot S R
5 10 15 20 25 30 35 40
fiT44 faDiffraction angle (20) /(° )
b. 30%7K 4>
b. 30% Moisture

Original sample

E: 0 NS
Note: 6 is grazing angle.
B 5 REKGAFAE S Ao 3 min B RE) AL IR E T 69
X-HH & ATHE B 3%
Fig.5 The X-ray diffraction patterns of feed samples with different
moisture after heat treatment at different temperatures for 3 min
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Fig.6 The relative crystallinity of feed samples with different
moisture at different heat treatment temperatures
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Note: The arrows show starch granules with surface collapse.
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Fig.7 Scanning electron microscope of feed samples with
different moisture after heat treatment at 90 C for 3 min
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Characterization of gelatinization kinetics and particle structure of feed
under limited moisture condition

Jin Nan!, Li Tengfei?, Wang Hongying'*, Fang Peng!, Duan Enze!, Chen Jiyuan®

(1. College of Engineering, China Agricultural University, Beijing 100083, China; 2. Beijing 3D Printing Research Institute, Beijing City
University, Beijing 100083, China)

Abstract: The gelatinization of starch in feedstuffs as a functional property is applied extensively in feed thermal processing,
and the moisture, temperature and time are the important technological parameters affecting the gelatinization of feed. In order
to explore the gelatinization kinetic parameters and intraparticle structural changes in formula feed during the process of
hydrothermal treatment, the heat treatment of formula feed for finishing pigs (moisture-adjusted to 25% and 30%) was carried
out at different temperature, i.e. 75, 80, 85, 90 and 95 °C, for different heating time, i.e. 0.5, 1, 3, 5, 7 and 10 min, respectively,
based on the homogeneous plate heating method. The degree of feed gelatinization was quantified by enzymatic method, and
polarized light microscopy, X-ray diffractometry, scanning electron microscope were used to characterize the physical and
chemical properties of samples after heat treatment, such as, gelatinization kinetic parameters, crystallization characteristics,
birefringence and micro morphology. The results showed that full gelatinization did not occur even at high enough temperature
under limited moisture condition. The maximum gelatinization degree of feed with 25% and 30% moisture were
0.320 6+0.0162 and 0.668 8+0.015 0, respectively. The gelatinization process of feed followed nonlinear first order kinetics
model. The gelatinization degree tended to the asymptotic value of terminal extent of gelatinization, when the heat time
reached about 3 min. Compared with the gelatinization activation energy of natural starch in the previous study, the
gelatinization activation energy of feed with 25% and 30% moisture in this research, 11 356.58 and 52 705.59 J/mol, obtained
from regression of Arrhenius formula was relatively low, and it could only be regarded as “incomplete gelatinization activation
energy” under limited moisture condition. Granules with different disappearance degree of birefringence coexisted in the same
heat-treated sample system, and the birefringence lost from the center of some granules, indicating that the main microcosmic
change of samples after heating treatment was preferential destruction of the structure of the amorphous regions in the center
of starch granules. The destruction of intraparticle structure led to the collapse of the particle surface and promoted the
leaching of amylose in the amorphous regions of starch granules. Due to the formation of the amylose-lipid complexes, the
crystalline phases of samples changed from A-type to V-type. The relative crystallinity of the samples decreased firstly, and
then decreased again after recovering slightly at characteristic temperature, because the destruction and rearrangement of the
crystalline structure occurred simultaneously but in different degrees during the heat treatment of formula feed. Moisture was
the first limiting factor of feed gelatinization, and proper increase of moisture was beneficial to improve feed gelatinization
degree and pellet forming quality. The gelatinization of feed developed rapidly within 1-2 minutes of heating treatment, and
reached an upper limit for the extent of gelatinization about 3 minutes. Therefore, it is necessary to avoid excessive pursuit of
multi-level conditioning to prolong the conditioning time, which will lead to the loss of thermosensitive components in feed.
The results of the present work may provide fundamental knowledge of interaction and change mechanism of raw materials
during feed thermal processing, which has a potential application value in the optimization of feed conditioning and extruding
process.

Keywords: feed; heat treatment; gelatinization kinetics; particle structure; low moisture
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