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Abstract: The changes in the essential nutrients, common oxidation indices and volatile constituents, along with the causes of odor
generation and the main off-flavor components, were investigated during the storage of ultra-high temperature instantaneous sterilization
(UHT)-enabled wall-breaking pine pollen. The results showed that after a 30-day storage, the contents of crude fat and unsaturated fatty acids
decreased by 31.37% and 14.03%, respectively, and the relative contents of free fatty acids and saturated fatty acids increased by 38.78% and
32.34%, respectively, with the contents of crude proteins, total sugars and amino acids remaining unchanged. In the early stage of storage, the
content of free fatty acids in the UHT-enabled wall-breaking pine pollen was lower, but increased sharply after 8 days and reached 9.53 mg/kg at
the 30th day. The peroxide value and thiobarbituric acid value increased first and then decreased with the prolongation of storage, and reached
the maximum, 6.09 meg/kg and 34.52 mg/kg, respectively, at the 3rd day and 5th day. In addition, the main volatile components of the
UHT-enabled wall-breaking pine pollen increased steadily during storage, with the changes of hexanal and hexanoic acid being the most
significant (reaching 12.69 pg/g and 10.51 pg/g, respectively after 5 days). These results indicated that the off-flavor of UHT-enabled
wall-breaking pine pollen was produced mainly via lipid oxidation during storage, and the oxidation was more severe in the early stage of
storage. Hexanal and caproic acid, the secondary oxidation products of oil oxidation, were the main volatile components of the wall-breaking
pine pollen during storage, which also accounted for odor generation.
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Fig.1 Changes of basic components of UHT wall-breaking pine
pollen before and after storage
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Table 2 Changes of amino acids of UHT wall-breaking pine pollen before and after storage (mg/g)
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5 AR 0.60+0.22" 0.62+0.10° 13.54+0.60° 12.94+1.32
22 B 0.3620.01° 0.2020.01° 3.92+0.36° 3.71+0.10°
i 0.28+0.01° 0.2620.03° 2.42+0.28° 2.42+0.58
RN 0.17+0.01° 0.13+0.02° 4.90£0.17° 4.85+0.13
7 AER 0.27+0.01° 0.230.02° 3.060.27° 3.07+0.23
I 1.89+057° 1.79+0.35° 6.37+1.89° 6.04+1.42°
71 A B 0.57+0.07° 0.55+0.11° 4.03+0.01% 3.41+0.65%
B ABR 0.55+0.09° 0.49+0.15° 2.710.55° 3.06+0.49%
F LA 0.0240.01° 0.0240.01° 0.250.02° 0.31+0.01%
e 0.23+0.06° 0.20£0.01° 5.560.23° 5.58+0.20°
P B AR 0.29+0.01° 0.24+0.02° 2.13+0.29° 1.01+0.14*
R AR 0.18+0.05° 0.14+0.03° 3.83+0.18° 3.48+0.14%
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T AR 3.40+0.42° 3.52+0.34° 9.90+1.40° 9.59+1.52%
BF 10.15+1.69" 8.95+1.41° 83.34+7.67° 79.01+8.32°
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Fig.2 Principal component analysis plot of UHT wall-breaking
pine pollen during storage at 40 °C
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Table 3 Species and relative content of volatile compounds in wall-breaking pine pollen during storage at 40 °C (x10)

£31 ER Ao TRARTEHNY UHT sl Ax 70
0d 30d 0d 30d
TEE 0.13+0.01  0.5620.02° 3.2620.12° 5.7320.15%
IR 0.3120.03 0.5320.05 1.91+0.21 4.18+0.27
eSS 1.37+0.11 1.73+0.13 1.11+0.15 3.57+0.18
J ik 0.63+0.05 0.87+0.03 1.43+0.05 1.71+0.13
Fak 1.02+0.06 1.9740.17 2.30+0.17 4.07+0.28
£ (10 #) Kk 0.36+0.02 0.6020.02 0.24+0.05 1.01+0.07
E-2-3 WAk 0.3120.01 0.8620.03 0.58+0.16 4.08+0.19
24-K Z ik - 0.1620.01 0.14+0.05 0.49+0.01
E-2- & Whik 0.2620.01 0.52+0.04 0.91+0.02 1.30+0.08
2-T A-2-F it - 0.55+0.01 0.16+0.01 0.87+0.03
82 4394039  8.35+051° 12.04+1.07°  27.01+1.33°
Tk 0.60£0.03"  1.26+0.10° 6.52+0.34 14.26+1.05
PSR - 0.51+0.05 0.58+0.05 1.53+0.05
PP ’——)}:'ﬁx - 0.1420.03 0.46+0.05 0.9620.05
3 - 0.4420.05 0.32+0.05 1.64+0.07
e 0.4620.02 1.18+0.16 1.79+0.11 3.44+0.17
S 2 1.06+£0.05%  3.53+0.39° 9.67+0.80° 21.83+1.39*
2-3X7) - 0.1620.01 - 0.29+0.02
2-F - 0.25+0.01 0.06+0.01 0.4620.01
2- ) - 0.18+0.01 0.10+0.05 1.76+0.12
Bl (6 4P) 2-+-5A 4 0.31+0.02 0.34+0.04 0.7420.02
3-FH-2-BR £ 0.230.01 0.99+0.06 2.25+0.15
3-F H-2-5) 0.22+0.01 0.37+0.02 0.46+0.01 1.20+0.03
BE 0.22+0.01  1.50+0.08° 1.95+0.17° 6.70+0.35°
G 0.10+0.01 0.79+0.01 1.19+0.08 2.43+0.24
EREE 0.7240.12 2.05+0.17 1.7740.15 2.86+0.21
BEE (44F) EFEE 0.7120.08 1.7540.11 1.06+0.09 2.10+0.16
1-3J%-3-B% 1.5440.10 2.27+0.26 2.29+0.14 3.5620.27
BE 3.0740.31°  6.86+0.54 6.21+0.46° 10.95+0.88"
Rs £ (1A) y-T W B 0.18+0.01 0.72+0.01 0.26+0.05 1.76+0.02
HAe (1#) 2-Ex ke 057+0.02 1.54+0.02 1.09+0.05 4.15+0.03
BAE K AR 9.49+0.79"  22.50+1.55° 29.8742.40°  72.40+3.00°

E: R TALY; RARRFEATANEFREE (p<.05), HAMEFELETENEFRLE (p>0.05).

N BESE UHT BREERASER (g kit R 1)
S RRANA G, KM ST sk i
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Fim. HHE 4 051, RS BARAERRT, 5% A
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Fig.4 Changes of volatile components and their total amounts
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Fig.5 Changes of free fatty acids contents in UHT wall-breaking
pine pollen during storage at 40 °C
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Fig.7 Changes of thiobarbituric acid value of UHT
wall-breaking pine pollen during storage at 40 °C
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Fig.8 Changes of hexanal and caproic acid contents in UHT
wall-breaking pine pollen during storage at 40 °C
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