5510 % 459 ] el TR Vol. 10 No. 9
2019 4FE 5 H Journal of Food Safety and Quality May , 2019

8, MEFH, IER, T, R &, FHHK, F A FLE L F
(MY AT BB AT i BT L2 W s B E i SR =, P E AR E B S TR, B3 100193)

W OE: B IR SR A AN RIS AT R SR e ) IR B, T S e
HOE S S AR LA TR RRR A LIR- L 1210, VIIRGENIREUS, HFEREmREG, RS
AR 63 - = 5 DU FT 5 BE i % (high performance liquid chromatography-triple quadrupole tandem mass
spectrometry, HPLC-QQQ-MS)I i Th 44 e 2 vh P 3546 & &, i IE S IGWIY 8 AN Fl il D48 A/ E AN
RIS 15, 25 °C). *EX#?@E(SS%\ 70%. 85%). WIHIHTIRI(8. 16, 24 d) N e 250 S BbIEnl . HR
SERFBWEZIRVGHE . BRIE fif 22 155 B 500 3 SR SE I 3= 2 A58 R 3 AR S, B 5
SR 12 SR F IR R IR, FH 9 S AN E AR O], e @A R AP
BEHSEHARSREEER, REREEE S EZ S, HPEH I SATRKEN .

R WORINER, DRE, R ol a- Rt

Main environmental factors of solanum during storage for different
potato varieties

ZHENG Xu, LIU Jia—Meng*, SUN Yu-Feng, WANG Shan-Shan, ZHAO Lei, LI Min-Min,
LU Jia, HUANG Ya-Tao, FAN Bei"

(Key Laboratory of Agro-products Quality and Safety Control in Storage and Transport Process, Ministry of Agricultrue,
Institute of Food Science and Technology, Chinese Academy of Agricultural Science, Beijing 100193, China)

ABSTRACT: Objective To explore the changes of solanine content in different potato varieties, and investigate
the main environmental factors affecting the solanine during storage. Methods The samples were extracted with
acetic acid: ethanol (1:10, V:¥7) mixed solvent, reconstituted with methanol and diluted, and then determined by high
performance liquid chromatography-triple quadrupole tandem mass spectrometry (HPLC-QQQ-MS) to determine the

content of solanine in potato tubers. The content of potato solanine was studied by orthogonal experiment at different
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storage temperatures (5, 15, 25 °C), relative humidity (55%, 70%, 85%), and storage time (8, 16, 24 d). Results The

results showed that the main environmental factor of the storage of Daxiyang, Xindaping, Helan No.15, Xiabodi and

Qishu No.3 was relative humidity; the main environmental factor of Weiyu No.5 and Jizhang No.12 was temperature;

and the main environmental factor for the storage of Qingshu No.9 was time. Conclusion To guarantee the safety

content of solanine, it is suggested that different varieties should be concerned more about their own main

environmental factors during storage. In addition, Qingshu No. 9 is not suitable for long-term storage.

KEY WORDS: storage factors; potato, solanine; a- solanine; a-chaconine
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Table 1  Lo(3*) orthogonal test design table

AhEE WEGREE 4/°C MIRHREE B/% W] C/d
1 5 55 8
2 5 70 16
3 5 85 24
4 15 55 16
5 15 70 24
6 15 85 8
7 25 55 24
8 25 70 8
9 25 85 16
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Table 2 a-solanine content of 8 kinds of potatoes under different storage factors (mg/kg)
pusi] B 55 BRI HES R B Pe 3 %= k125 fi 155
=H 4.63 4.61 12.21 40.76 21.89 14.69 9.46 24.85
1 4.11 4.58 32.35 26.53 13.71 14.11 8.25 11.11
2 7.87 11.03 61.28 63.58 26.61 33.16 11.28 32.16
3 3.79 26.37 37.06 44.4 34.07 22.61 16.41 26.91
4 14.38 16.31 54.17 5291 25.53 22.34 20.6 26.27
5 22.35 31.43 63.79 80.17 45.31 25.84 35.7 34.25
6 4.52 15.04 54.16 48.87 25.61 21.81 7.41 28.29
7 14.67 60.64 35.65 42.63 38.32 15.48 15.96 36.67
8 9.57 27.13 37.22 40.39 30.21 31.53 20.93 29.46
9 22.56 25.37 57.2 41.57 23.85 2231 35.56 34.69
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Table 3 a-chaconine content of 8 kinds if potatoes under different storage factors (mg/kg)
posiil B 55 R HHET K e 35 kRS 2L 15 %
A 1.87 10.43 21.74 67.87 4.85 36.77 20.07 49.06
1 1.95 19.76 48.4 70.44 16.06 33.46 25.85 49.96
2 12.76 26.98 92.11 125.58 48.04 69.4 26.11 76.18
3 2.9 58.1 88.06 95.45 44.24 54.11 29.44 64.4
4 7.65 24.7 73.24 94.44 33.37 43.72 31.2 59.35
5 16.15 47.31 86.96 107.91 60.09 52.64 48.26 71.96
6 4.61 21.18 73.82 98.07 39.77 46.41 18.44 59.49
7 13.13 45.08 62.19 104.29 51.23 37.42 32.71 60.28
8 9.63 24.94 51.24 70.5 39.38 59.11 242 52.55
9 10.82 31.6 87.34 72.27 39.1 45.85 44.14 63.98
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Table 4 Solanine content of 8 kinds of potatoes under different storage factors (mg/kg)
fb 3 B 5 5 BRI HHEIT PNRES T P 3 5 k12w 2155
= 6.5 15.04 33.95 108.63 26.74 51.46 29.53 73.91
1 6.06 24.34 80.75 96.97 29.77 47.57 34.1 61.07
2 20.63 38.01 153.39 189.16 74.65 102.56 37.39 108.34
3 6.69 84.47 125.12 139.85 78.31 76.72 45.85 91.31
4 22.03 41.01 127.41 147.35 58.9 66.06 51.8 85.62
5 38.5 78.74 150.75 188.08 105.4 78.48 83.96 106.21
6 9.13 36.22 127.98 146.94 65.38 68.22 25.85 87.78
7 27.8 105.72 97.84 146.92 89.55 52.9 48.67 96.95
8 19.2 52.07 88.46 110.89 69.59 90.64 45.13 82.01
9 33.38 56.97 144.54 113.84 62.95 68.16 79.7 98.67
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Fig.3 Extreme difference of a-solanine in 8 varieties of potato under different factors in orthogonal table (n=3)
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Fig.4 Extreme difference of a-chaconine in 8 varieties of potato under different factors in orthogonal table (n=3)
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Fig.5  Extreme difference of solanine in § varieties of potato under different factors in the orthogonal table (n=3)
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Table 5 Orthogonal experimental results of storage conditions of Daxiyang potatoes
FSES REEPC  AAXBEE/% g Al il
EN i JB/© QRN T R [R, - - -
a-HilR/(mg/kg)  a-RABE/(mgke)  JBIER S E/(mg/ke) RER/g
1 5 55 8 44 .4 95.45 139.85 1.69
2 5 70 16 63.58 125.58 189.16 0.62
3 5 85 24 26.53 10.44 36.97 1.92
4 15 55 16 5291 94.44 147.35 3.54
5 15 70 24 80.17 107.91 188.08 4.31
6 15 85 8 48.87 98.07 146.94 1.21
7 25 55 24 42.63 104.29 146.92 3.59
8 25 70 8 40.39 70.5 110.89 2.27
9 25 85 16 41.57 72.27 113.84 2.08
K1 44.84 46.65 44.55
K2 60.65 61.38 52.69
K3 41.53 38.99 49.78
R1 19.12 22.39 8.13
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B S
W% WEAC HRHRIEN PR b
a- A/ (mg/kg) a-F PR/ (mg/kg) TFE 05 B /(mg/kg) KEHRK/g

K1 77.16 98.06 88.01

K2' 100.14 101.33 97.43

K3' 82.35 60.26 74.21

R2 22.98 41.07 23.22

k1l 121.99 144.71 132.56

k2 160.79 162.71 150.12

k3 123.88 99.25 123.99

R3 38.80 63.46 26.13

k1' 1.41 2.94 1.72

k2' 3.02 2.40 2.08

k3' 2.65 1.74 3.27

R4 1.61 1.20 1.55

VE: K1, K2, K3 X oA e AN R . AR 5 R S (6] 98 bR, R1 g L AR 22 H; K11 K2'\ K3'XHRL a- RANTH S
FEARIREE . AAXT L5 AN (6] T (9645, R2 T BL AR 2206 A1, k2. &3 XTI R SEHR0A S 7E AN IR IRLBE . AR R BE -5 R e 1)
T HRYFEBR, R3 AXEI BB A k1 A2', K3V AR HE AR A RN [RTIBE  RE I B 5 RN TR 18] N B R, R4 g X0 A 22 H

#6 BERFDRENEFHHERZERER

Table 6 Orthogonal experimental results of the storage conditions of Xiabodi

—
FE OWEEPC  MAPREEM PR —— S —

a-Bif/(mg/ke) o FAB/(mgke)  EFEW A/ (mg/kg)  KEA/g
1 5 55 8 34.07 44.24 7831 2.13
2 5 70 16 26.61 48.04 74.65 0.52
3 5 85 24 13.71 16.06 29.77 2.01
4 15 55 16 25.53 33.37 58.90 3.43
5 15 70 24 4531 60.09 105.40 3.70
6 15 85 8 25.61 39.77 65.38 1.10
7 25 55 24 38.32 51.23 89.55 7.65
8 25 70 8 3021 39.38 69.59 2.50
9 25 85 16 23.85 39.1 62.95 1.84
K1 24.80 32.64 29.96
K2 32.15 34.04 2533
K3 30.79 21.06 32.45
R1 7.35 12.99 7.12
Kl 36.11 42.95 41.13
K2 44.41 49.17 40.17
K3' 4324 31.64 42.46
R2 8.30 17.53 2.29
k1 60.91 75.59 71.09
k2 76.56 83.21 65.50
i3 74.03 52.70 7491
R3 15.65 30.51 9.41
kU 1.55 4.40 1.91
X 2.74 2.24 1.93
B3 3.99 1.65 445
R4 2.44 2.75 2.54
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Table 7 Orthogonal experimental results of storage conditions of Xindaping

o
W WEFC RRREM ik
a-fifl(mg/kg)  a- ARG/ (mg/kg) B IER &R/ (mg/kg) JLEH K /g

1 5 55 8 46.37 58.1 104.47 1.34
2 5 70 16 11.03 26.98 38.01 1.77
3 5 85 24 4.58 9.76 14.34 2.12
4 15 55 16 16.31 24.7 41.01 5.56
5 15 70 24 31.43 47.31 78.74 8.84
6 15 85 8 15.04 21.18 36.22 3.17
7 25 55 24 60.64 45.08 105.72 6.90
8 25 70 8 27.13 24.94 52.07 5.96
9 25 85 16 25.37 31.6 56.97 3.77
K1 20.66 41.11 29.51

K2 20.93 23.20 17.57

K3 37.71 15.00 32.22

R1 17.05 26.11 14.65

K1 31.61 42.63 34.74

K2' 31.06 33.08 27.76

K3' 33.87 20.85 34.05

R2 2.81 21.78 6.98

k1 52.27 83.73 64.25

k2 51.99 56.27 45.33

k3 71.59 35.84 66.27

R3 19.60 47.89 20.94

k1' 1.74 4.60 3.49

k2' 5.86 5.52 3.70

k3' 5.54 3.02 5.95

R4 4.12 2.50 2.46




oM K8, A WRIYRS AN R Al b B R S XU (19 32 SR N R 2489
#8 HZ 15 SHRENEFHMNERLIRER
Table 8 Orthogonal experimental results of storage conditions of Helan No. 15
Ei=t
ESEN I /°C MAHREE/%  IEl/d
a-#iBs/(mg/kg) a- R (mgrkg) R H/(mg/kg)  REA/g
1 5 55 8 36.91 64.4 101.31 2.12
2 5 70 16 32.16 76.18 108.34 0.82
3 5 85 24 11.11 19.96 31.07 1.53
4 15 55 16 26.27 59.35 85.62 3.55
5 15 70 24 34.25 71.96 106.21 2.81
6 15 85 8 28.29 59.49 87.78 1.49
7 25 55 24 36.67 60.28 96.95 7.59
8 25 70 8 29.46 52.55 82.01 3.18
9 25 85 16 34.69 63.98 98.67 2.18
K1 26.73 33.28 31.55
K2 29.60 31.96 31.04
K3 33.61 24.70 27.34
R1 6.88 8.59 4.21
K1 53.51 61.34 58.81
K2' 63.60 66.90 66.50
K3' 58.94 47.81 50.73
R2 10.09 19.09 15.77
k1 80.24 94.63 90.37
k2 93.20 98.85 97.54
k3 92.54 72.51 78.08
R3 12.96 26.35 19.47
kl' 1.49 4.42 2.26
k2 2.62 2.27 2.18
k3! 4.32 1.73 3.98
R4 2.83 2.69 1.80
®9 ME3ISIREMNBAGMIERLIL
Table 9 Orthogonal experimental results of storage conditions of Longshu NO.3
N [} V= I\
MR RIRC RGBT a-Hifd/(mg/kg) o RAi/(mg/kg)  JBFERHS R/ (mg/kg) REH/g
1 5 55 8 22.61 54.11 76.72 1.73
2 5 70 16 33.16 69.4 102.56 0.62
3 5 85 24 14.11 33.46 47.57 0.96
4 15 55 16 22.34 43.72 66.06 1.48
5 15 70 24 25.84 52.64 78.48 3.70
6 15 85 8 21.81 46.41 68.22 1.37
7 25 55 24 15.48 37.42 52.90 3.85
8 25 70 8 31.53 59.11 90.64 2.03
9 25 85 16 22.31 45.85 68.16 0.89
K1 23.29 20.14 25.32
K2 23.33 30.18 25.94
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FE  E,C MXHREM%  EEd b
o-Flifk/(mg/kg)  a-FAB/(mgke)  EIERE R/ (mg/ke) KR/
K3 23.11 19.41 18.48
R1 0.22 10.77 7.46
K1 52.32 45.08 53.21
K2' 47.59 60.38 52.99
K3' 47.46 4191 41.17
R2 4.86 18.48 12.04
k1 75.62 65.23 78.53
k2 70.92 90.56 78.93
k3 70.57 61.32 59.65
R3 5.05 29.24 19.28
k1' 1.10 2.35 1.71
k2' 2.18 2.12 1.00
k3! 2.26 1.07 2.82
R4 1.16 1.28 1.82
R0 HF S5 SDRENBEEHHERZZRER
Table 10 Orthogonal experimental results of storage conditions of Weiyu NO.5
[ REEC AR WA ——— : il
o/ (mg/kg) e FAiIR/(mg/kg)  JEER H/(mg/ke) KT A/ g
1 5 55 8 3.79 2.9 6.69 1.92
2 5 70 16 7.87 12.76 20.63 0.95
3 5 85 24 4.11 0.95 5.06 2.94
4 15 55 16 14.38 7.65 22.03 4.16
5 15 70 24 22.35 16.15 38.50 6.08
6 15 85 8 4.52 4.61 9.13 1.42
7 25 55 24 14.67 13.13 27.80 8.24
8 25 70 8 9.57 9.63 19.20 2.92
9 25 85 16 22.56 10.82 33.38 3.00
K1 5.26 10.95 5.96
K2 13.75 13.26 14.94
K3 15.60 10.40 13.71
R1 10.34 2.87 8.98
K1 5.54 7.89 5.71
K2' 9.47 12.85 10.41
K3' 11.19 5.46 10.08
R2 5.66 7.39 4.70
kl 10.79 18.84 11.67
k2 23.22 26.11 25.35
k3 26.79 15.86 23.79
R3 16.00 10.25 13.67
k1' 1.94 4.77 2.09
k2' 3.89 3.32 2.70
k3' 4.72 2.45 5.75

R4 2.78 2.32 3.66
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Table 11 Orthogonal experimental results of storage conditions of Jizhang NO. 12
[%  REFC  ARHEEM W fiks
a-Mi/(mg/kg)  a-F i/ (mg/kg) JeZE0E & 1 /(mg/kg) KA/
1 5 55 8 36.41 29.44 65.85 2.30
2 5 70 16 11.28 26.11 37.39 1.67
3 5 85 24 8.25 15.85 24.10 2.99
4 15 55 16 20.6 31.2 51.80 4.77
5 15 70 24 35.7 48.26 83.96 6.76
6 15 85 8 7.41 18.44 25.85 2.31
7 25 55 24 15.96 32.71 48.67 3.90
8 25 70 8 20.93 242 45.13 4.25
9 25 85 16 35.56 44.14 79.70 3.00
K1 18.65 24.32 21.58
K2 21.24 22.64 22.48
K3 24.15 17.07 19.97
R1 5.50 7.25 2.51
K1' 23.80 31.12 24.03
K2' 32.63 32.86 33.82
K3' 33.68 26.14 32.27
R2 9.88 4.97 9.79
kl 42.45 55.44 45.61
k2 53.87 55.49 56.30
k3 57.83 43.22 52.24
R3 15.39 12.28 10.69
k' 2.32 3.66 2.95
k2' 4.61 4.23 3.15
k3' 3.72 2.77 4.55
R4 2.29 1.46 1.60
F12 FIFISDREINBEREMHEZERER
Table 12 Orthogonal experimental results of storage conditions of Qingshu NO.9
FE EEFC MRBRES A b
a-Hi/ (mgkg)  a- R/ (mg/kg)  JEIER A/ (mg/kg) SR g
1 5 55 8 67.06 88.06 155.12 2.34
2 5 70 16 61.28 92.11 153.39 0.28
3 5 85 24 32.35 48.4 80.75 1.12
4 15 55 16 54.17 73.24 127.41 1.73
5 15 70 24 63.79 86.96 150.75 2.59
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FEEN ik g /°C HIXHBE /% Bl fib
a- i/ (mg/kg)  a-RABR/(mg/kg) BRI E L/ (mg/kg) RER/g
6 15 85 8 54.16 73.82 127.98 1.30
7 25 55 24 35.65 62.19 97.84 2.72
8 25 70 8 37.22 51.24 88.46 2.14
9 25 85 16 57.2 87.34 144.54 1.12
K1 53.56 52.29 52.81
K2 57.37 54.10 57.55
K3 43.36 47.90 43.93
R1 14.02 6.19 13.62
K1' 76.19 74.50 71.04
K2' 78.01 76.77 84.23
K3' 66.92 69.85 65.85
R2 11.08 6.92 18.38
kl 129.75 126.79 123.85
k2 135.38 130.87 141.78
k3 110.28 117.76 109.78
R3 25.10 13.11 32.00
k1 1.25 2.26 1.93
k2' 1.87 2.36 1.04
k3' 1.99 1.18 2.14
R4 0.74 1.18 1.10
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