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Abstract: In order to study the application potential of precision temperature control technology in the preservation of blueberries,
blueberries were divided into a control group and three precision temperature control groups, which were put into a foam box (CK), a foam box
+ cool-storage agent (ice temperature 1), a precision temperature control box (ice temperature 2), and a precision temperature control box +
cool-storage agent (phase temperature). The temperatures inside the boxes were recorded every day, and the quality changes of blueberries were
measured during storage. Then the four groups of blueberries were comprehensively evaluated by the principal component analysis method, to
obtain the most accurate temperature control processing method. The results showed that the inner temperature of the icestorage boxes was
lower, and the inner temperature of the phase temperature storage boxes fluctuated to a lesser extent than that of the control. On the 60th day of
storage, the good ftuit rate, soft fruit rate, flavor index and fruit frost coverage index of blueberries of the phase temperature group were 79.54%,
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17.87%, 72.22%, 76.00%, respectively, with their color changes less than 2, and their L values as 27.03. In addition, blueberries stored by the
precision temperature control had higher hardness, and lower consumption rates for nutrients such as soluble solids, titratable acid, Vc and
anthocyanins. Among which, the V¢ content of blueberries of the CK group decreased by 5.01, 9.18 and 16.67 mg/100 g, respectively, compared
with those of the ice temperature group 1, ice temperature group 2 and phase temperature group. After principal component analysis, the quality
ranking of the four groups of blueberries was: phase temperature group> ice temperature group 2> ice temperature group 1> CK group.
Moreover, the relative contents of the desirable aroma components (such as aldehydes, terpenoids and esters) of the blueberries stored by
precision temperature control were higher. Therefore, precision temperature control technology is beneficial to the cold preservation of

blueberries, with the effect of the phase temperature storage being better.
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Table 1 Sensory index data of blueberries in different storage environments

- - e i 1) /d

0 15 30 45 60
CK  100.00£0.00™  94.63£0.04"  91.07+0.05°C  75.07+0.04"°  67.49+0.01%
o AR 1 100.00£0.00*  95.92+0.09F  94.59+0.03C  82.48+0.09°  72.71+0.05%
KB 2 100.00£0.00"  96.25£0.07"  94.75+0.01°C  83.66+0.04°>  74.74+0.01°
FBE - 100.00£0.00"  97.56x0.01®  96.59+0.05°C  87.77+0.04°  79.54+0.05"
CK 0.00£0.00"  8.76+0.02"°  10.02+0.05C  25.83+029%  30.69+0.25
R, KB 1 0.00£0.00" 6924034  7.9240.13°C  19.91+0.64°®  24.74+0.64™
HIE2  0.00£0.00F  6.10£0.09C  7.41+0.18C  17.54£0.53"  22.61+0.24
AR 0.00£0.00"  2.74+0.07°  4.99+0.44%  15.02+0.17*  17.87+0.13%
CK  98.89+0.00*  9556+0.75%  90.00£0.27C  72.22+0.68%  52.22+0.14%
PR KB 1 98.89+0.00%  96.67+0.16"  9222+0.25C  76.67+0.63C  60.00+1.08"
AR 2 98.89+0.00"  96.67+0.25"8  9333+029°C  78.89+0.79"°  65.56+0.87
AR 98.89+0.00°"  97.78+0.47°  94.44+0.98°C  80.00+0.14™°  72.22+0.25"
CK  99.00+0.00*  93.50£0.58™®  90.50+0.00°  84.00£1.00°°  69.00+1.00
P—— A1 99.00+0.00*  93.50£0.58"  91.50+1.00°C  86.00+1.00°°  71.00+0.58"
KB 2 99.00£0.00"  93.50+0.58™  92.50+0.58°  87.00+0.58">  72.00::0.58"
AR 99.00+0.00%  95.50£1.15"  94.50+£1.00®  89.00+0.58°C  76.00+1.00°°

E: KRB FERTE BN RERE R (p<0.05), RRHKEFHRTHEATHIERER (p<005). £2. 3F.

3R 2 ARG T G RE R
Table 2 Color and hardness data of blueberries in different storage environments

M am S UL
0 15 30 45 60

CK 0.00:£0.00* 1.84+0.64°" 3.26+0.93* 3.74+1.07*4 3.93+0.94*

AE KB 1 0.00£0.00° 1.30£0.25%8 2.79+0.71%4 3.05+0.66™ 3.38+0.95
AKiE2  0.00+£0.00 0.71£0.39"8 2.58+0.46% 2.9140.66* 3.05+0.77%4

Pizh:A 0.00£0.00°° 0.58+0.38"P  1.01+£0.51°5¢ 1.30+0.33% 1.99:+0.59°*

CK 28.88+0.61**  27.08+0.63®  26.06£0.90°C  25.58+0.88°C  25.03+0.51°C

L KRl 28.88£0.61%%  27.70+025°B 2621029  26.01£0.46™  25.72+0.73°
KR 2 28.88£0.61°%  2839+0.41  26.40+036™  26.08+0.55"  25.88+0.68"°

AB% 28.88£0.61**  28.75+033™  28.14£0.50*  27.96:0.42**  27.03+0.61*°

CK 3.79+0.13* 2.69+0.35" 2.12+0358¢  2.10£0.46°5¢ 2.02+0.42°¢

et KB 1 3.79£0.13% 2.7540.618  3.0240.65B  2.62+0.45"F 2.62+0.81%8
HR2 3.79£0.13% 33120708 330£0.79®  2.87+0.42™AB 2650558

HR 3.79+0.13* 3.69+0.81*4 3.65+0.68% 3.52+0.45 3.35+0.43"

TEEFEEAET, AE=JAL +Aa* , IREFELL,
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ORI IE K, WA RS AR B IR AT A 2
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Table 3 Nutrient composition data of blueberries in different storage environments

% 3 TEMCEEHE TIESE T iR

st - I kB 1) /d
- .
? 0 15 30 45 60
CK  10.85+0.13**  10.33+0.25® 10.77+0.04%*  10.65£0.15%*  9.92+0.05°C
TRRE RS kiR 1 10.85+0.13% 10.52+0.26™  11.02£0.05  10.63£0.08C  9.43+0.04"
R ez
g * kB2 1085:0.13®  10.62+0.08C  11.37+0.10°*  10.98+0.11°®  9.63+0.08%
#E 10.85+0.13%C  12.1240.18%  12.95+0.05%  12.10+0.08®  10.08+0.08%°
CK 0.60+0.01**  0.52+0.00®  0.45+0.00C  0.54+0.00®°  0.67+0.00%
S KB T 0.60£0.01°  0.69+£0.01°*  0.29+0.00  0.33£0.00°C  0.23£0.05P
ERCEE 5
’ AR 2 0.60+£0.01°8  0.84+0.01%%  048+0.01°C  0.49+0.01°°  0.40+0.00°°
#iE 0.60£0.01°  0.87+0.01%*  0.60+0.01°  0.70+0.00*® 0.62+0.00°¢
CK 7341250  47.34+1.44  38.16+1.44°C 30.67+0.82°  24.82+1.44%
AR 1 73418250 5316144 41.48+0.00° 36912500  29.83+].44E
Ve A% /(mg/100 g)
¢ & &/(mg/100 g \
B2 734182507 54.84+1.44%8  44.00+2.50C  42.35+£0.00°C  34.00+0.00°°
M 734142504 614742508 49.83+1.44%C  4734+£250°C  41.49+0.00*°
CK  7141£0.13**  61.94+1.23%* 58.89+2.19"®  53.66+0.30C  47.58+1.40°
" . i1 71412013 67.53+0.63"  64.8243.06"  54.88£0.46%  51.84+1.67
feHF4F/(mg100 g) . aB bA 2A bB bC
AR 2 7141013 66.42+1.06™  65.90+0.63 55.54+1.43 61.09+0.35
AR 71.4120.13%°  82.07+0.80%  64.45£1.57°C  68.03+0.76"  62.51£1.99°P

% 3 BRI, 1E 60 d Wit , SRR AT VAL
TS BRI A ETHE TR, 530t
SRS AR ASE R, WHEAT 30 d RATEREEY S
SEIGIN, PTRESE F T ARG P G s T R SRR
ORI, M 45 d R Rk R & B R, T
AEAS TSRSk H S PR AU TIERE,  HARRZH AR ]
HIEEAEFER D (p<0.05) KT A4 =4. "l
TEMR O RS NREER, (HUKIE 1 4 JKiR 2 4. A8
TR R R A E R O & FIRIREES R (p<0.05) 1K
T CK 4, T3REE 60 d B PUZH s nT 3 e e o e o i
24.82.29.83. 34.00. 41.49 mg/100 g, Z= 523 (p<0.05),
A A DA IR S0/ IN A PR ¥ ) ol SR SIEAH SR 1
SRR, ITHESE T A ER S BN FEY. Ve &
HETREEA, CKA. UK 1A, vKiR 2 4. HiRA
IEERE Ve & 60 d s HAE] 5 I FEAIK T 48.59+ 43.58.
3941, 31.92 mg/100 g, AEEH (p<0.05) %57, 5Xu
SRR T4 AL, BB VIGRIE SR MR A AT A
RAERFIERICRONIRIN Ve S, fel R eiimin)—
HIEEERGY, MR 3 AR LAE e R A EIRA R
NSy, (VKBRS AT R S B
FERL CK HHE, XS5, e 2= 1F

SR & 7R 7/ D OISV ST G S SO I E SR
ISR T RALRE I TR

24 FREEFETESRFFL
R4 ERTHFHEE R SRS

Table 4 Principal component eigenvalue and contribution rate

RS BHAEE TTERE% R aRE%
1 8.52 7742 7742
2 0.96 8.76 86.18
3 0.80 7.32 93.49

MR EIREAREAT o, A=A FERR
4y, BRITTIRER AL 93.49%, AR AT SE ., Eid
FRG TS FC A N ISR TH 4, 153
4L 5 LR SREERRE I, £
M LA 7155 FAC1. FAC2. FAC3 flrxd i
FHEE AL, 51150 M v 15 E 15457,
SRS E R EAIRME LR 155y, AR R
F, HHICTHREH 4 Pv a5 R 0 i B Febrss &
FMERIMXIFERE . R A1k, BLRA NI A
B R BRI e, bk S MBI, R
5 ATLASH, FHIRZH>0KIR 2 ZH>0KIR 1 2H>CK A
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Table 5 Principal component scores

43e FCI FC2 FC3 F1 F2 F3 F FF3  #H2
1.09 -1.37 0.13 3.18 -1.34 0.12 2.51
010  -0.32 0.96 030  -0.31 0.86 0.29
CK -0.47 0.42 196  -1.36 0.41 1.76 -0.95 -1.226 4
-1.29 0.41 0.79 -3.76 0.40 0.71 -3.02
-203 -037 -041 -592 -036 -037 -496
1.09 -1.37 0.13 3.18 -1.34 0.12 251
0.46 0.01 0.21 1.35 0.01 0.19 1.13
PRI 1 -0.09 0.66 1.53 -0.25 0.65 1.37 -0.04  -0432 3
-0.81 0.05 0.59 -2.35 0.05 0.53 -1.90
-1.54  -090 -076 -450 -088 -0.68 -3.86
1.09 -1.37 0.13 3.18 -1.34 0.12 251
0.75 -022  -0.73 220  -021  -0.65 1.75
PRI 2 0.17 1.00 0.87 0.51 0.98 0.78 0.58 0.144 2
-0.45 0.68 0.02 -1.33 0.67 0.02 -1.03
-123  -055 -1.06 -358 -054 -095 -3.09
1.09 -1.37 0.13 3.18 -1.34 0.12 251
1.32 1.85 -1.21 3.87 1.81 -1.09 3.29
izt 0.80 1.52 0.14 234 1.49 0.13 2.08 1.514 1
0.37 1.45 -1.41 1.07 1.42 -1.27 0.92
-044 -022 203 -129 -021 -1.81 -1.23

25 FEMEFETESEF LRI

L 6 ARG T 35 AR
e IFRAT LU H WS A5 A U 0 T I SR S0 ot
T RCORIGE, R AN AT A N
29.79%~61.91%- 16.40%~49.74% . BEZH) AN & &
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X RS, MRS S G 2RREE. Be
KW AETEAEAFAE — 8 BRI L. BRSEA T
HOERESRA, TR R 1A, vkig 2
HAARAEF TR TEEEEEST CK4H, H
7E 60 d AR ZH SR S5 0.94% MR-, HaR
H RS I AR BRI, U B KR I A A I
W] — e AR b SE S R e ) A SR oy Th R R
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Besh, MR 6 FITRAFE IS I CK 450K 1
21 BITAG H (R A S RSB R, 946 30
PPy, HhmESE s fh, BESE O B, WESE 5 Rl
FE2E 3 Fh, HANS 8 B, EZA SR AN
RPN 2- ORI . D7 MeHMEESE . DK 2 410
AR 20 R ESMIY, HAPEESE 4 B, @539
i, BESES b, BESK 3 B, HABSEH) 8 Fh, 1EEHS
FRATHEARRS & BT 2- ORI 5 R i T e
o- PSS AR B AR SLAG Y 30 A By, H
HEESE 4 R, WESE O B, WSS Fh, BESK4 B, HAb
F 8 i, T BEA RIS S EHT N 2- O
DIRRRE . FEHHEE . o-FAMBESE. DL ESERRY], 1Y
AR 2 B PSR 22 57 2 BARBILAE ISR
Kb, vk 2 AAHIRH AR >, 28
FET 28 R BEIZ AT, AR T AR BRI B E 22
AR Y8R T CARIA S o R (A il (R
YR BRIREL o



161

Table 6 Aroma composition of blueberries in different storage environments

*® 6 NEIMCREEME TIEEHE SRS

HE wE s 0/:1 jg] *F 15 d 48X 42/% 30 d ABxT2F/% 45 d AB*82/% 60 d A8%2F/%
2=/% CK sKE1 k&2 408 CK KRl #KE2 R CK KE1 KE2 R CK JKi&1 7KiR2 A0&
1 TEk 695 179 219 245 168 085 106 215 224 071 099 259 253 123 122 243 191
2 2- T 5899 3139 3558 37.58 3477 2793 3484 3571 3516 4987 4134 4536 4066 5512 5268 39.16 59.54
BmE 3 (E.E)-2,4- T it 0.69 - - - - - - - - 0.77 - 058  0.52 085 081  0.66 -
4 2-(4-FAIFRTHA)AEE - 174 146 122 0.69 101 095 078 083 05 136 120 085 - - 119 046
5 ES S - - - - - - - - - 0.68 - - - 246 0.64 - -
it 66.63 3492 3923 4125 37.04 2979 3685 38.64 3823 4247 4369 4973 4456  59.66 5535 4344 6191
1 Feot b BE 372 531 559 495 538 319 369 3.02 3.1 400 511 385 391 394 437 457 428
2 Wi 045 099 076 087 0.89 163 136 141 141 237 248 230 244 085 094 250 162
3 76 i 035 099 073 100 1.2 168 116 148 148 106 112 121 145 084 093 154 099
4 BB 1486 29.09 2581 2492 2467 2773 2770 2649 2636  18.66 2272 21.08 22.88 879 972 1896 1337
wE S ooidis 030 075 - - - 1.06 089 072  0.69 086 085 069 065 - - - -
6 Aot 85 138 294 210 157 125 377 334 248 234 191 244 160 154 069 077 096 076
7 Bk 202 233 210 204 173 300 310 269 275 423 383 322 323 - - 399 4.06
8 ATAR B 045 - - - - 094 077 077 086 0.79 - 084 096 061 071 124 074
9 a-Frh B 061 290 243 303 326 673 445 583 628 - - - - 068 082 265 129
it 24.14 4530 3952 3838 3830  49.74 4646 4489 4528 3388 3855 3479 3706 1640 1826 3641 27.11
1 2;é§g%41;‘§f3 i 164 208 178 164 137 152 132 127 114 121 129 134 103 067 056 069 056
2 A3 H-1-B% 0.24 - - - - - - - - - - - - - - - -
BE 3 o0-4- = F AR T ER 072 164 177 130 139 133 149 111 112 088 L13 096 092 - 064 068 071
4 AXAT-EH-1(7)8-—H-2-B2 188 151 154 138 173 152 156 136 148 161 150 139 139 093 100 129 122
5 (S)-1IA B ¥ 1 B - - - 063  0.63 108 084 088 099 - - - 0.68 - - - -
6 |- Hie-3-B 35 BE - - - - - - - - - - - - - 203 180 120 072
it 448 523 509 495 512 545 521 462 473 370 392 369 402 363 400 386 321




61

k6
o . 0d ABst 15 d ABxT &2 /% 30 d A2 /% 45 d ABxT &2 /% 60 d #83+8F/%
fx &% TLE BEM%  CK kiRl kB2 ARE CK k&1 7KiR2 AR CK KRl #KE2 R CK k&1 KE2 5
2
1 AR ER =T s 079 251 281 254 212 378 454 295 298 155 338 234 294 - - - -
o ) 2= E;’%_ ;;ﬁ?;ﬁ%; - 310 376 406 143 - - - - - - - - - - - -
AR =T B4 A T By - 0.80 095 107 6.18 - - - - - - - - - - - -
4 2-#2 K 3-F R TR LB - - - - - - - - - - - - - - - - 0.94
it 079 641 752 767 973 378 454 295 298 155 338 234 294 000 000 000 094
1 LiF Y3 047 069  0.54 - 2.15 - - - - 063 0.2 - - 114 129 057 088
2 24-=F IR TH 126 256 238 224 253 292 250 263 279 290 292 315  3.06 190 219 296 238
3 (B)2- T4 };ggg 2L 0.47 146 150 142 138 202 185 166 157 123 145 135 140 066 079 105 0.83
HA 4 Aot KRR 0.38 092 093 077 087 - - - - - - 051 0.0 - - - -
5 2,4- =T A REy - 114 124 106 115 081 078 064 093 057 100 084 091 - - - -
6 x- 7 A7-1,5,8- =W - - 0.55 - - 087 076 071 071 110 089 088 074 061 068 085 075
7 X4 - - - - 0.63 095 064 088 099 0.70 - 079 115 - - 0.66 -
8 FEARAN - - - - - - - - - 1.76 - - - 227 199 090 0.84
it 258 677 114 549 871 757 653 652 699 889 678 752 176 658 694 699 568
Bt 98.62  98.63 98.50 97.74 99.00 9633 9959 97.62 9821 9049 9632 98.07 9634 8627 8455 90.70 98.85

A eORERKENE].
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XS RAT BT, IR 6 FTLLEH, 2-
CUEE (27.93%~59.54%) & 5 A5 B BB SNAT
HAEWRMPGHEEMRED, KPR ERIk
P4, HAVAE CK 2L REI5ER 45 d M2 60 d FVKiE 1
YHEAETC TR 60 d B HAIH, RN R A WA A
ZEHIE SRS . YRR R E R R
i G L e a = A Oy et I
LI RGP 48 P AREE (8.79%~29.09%, KT
HEHIIART T EPD . M (3.02%~5.38%, 1/
BB ZRIE) . p-IRIE (1.73%~4.23%, B
REFIFAIE TS « BT (0.69%~3.77%, BURAEED
GG (045%~2.50%, FEHEMICE) . wh G

(0.35%~1.68%, FTHEEH) FEAEEE (0.30%~1.06%,
BOEAEAED . AR (0.45%~1.24%, WREF Ak
B a-KAHIEE (0.61%~6.73%, ETHELE). Mk
K, BT EAARESMEELLIN, ARt
IKBESMIREEITRT, B 555 R A5G 2
JRERI R T WA E SRS, AR &S 7
W& SRRE, VKRRl A AH IR ISR 50 4 ) T R
WA S R

3 ZHig

3.1 WHEZBAI M REEZN R, Wi
SREAWH K. I8 I iR R SRR AT R 2 B
AT H I — ML ER Ty 2, SRR R AR R HE T1%
GURIR P TEEE HH R AL R EEROR, P R kiR
FECRARIR I SRR PR B P TR, R BEBh s/, HH A
AEGL I AT I P g | BE AR ot T s 2
VAT TR VA Y5 42 AR SRR UL VIR S AT R 43 0 8 2R
5E, MIPRRBEARIREE AR, SR T-HE A

3.2 ARSI ) SR FH KR T ek AN R I g xR ik
ITOREE, @I FREEREGR ) el LR 1, A
DB SR W A R 78 o A AN R e, RS R R
B SRR A ERIREZCT 0 CLLT, IREHNRFFE
0.1 “C LA, KU 5BURTAFIGL I ks B A 2 1K i
B CHRIE K 45 d) S P B S it o
PIER, BEIEZR I A (b R R Sk Ak . I3k 60
d 5, HIRAERNERERN 79.54%, BWRFELH
17.87%, WIRFEEUN R A 515 8US7E 70%LL |, AE
KT 2, L{AIA27.03, filifER 3.35 kef, RIVEMERETE
Vi s, THERS R, Ve iR, EHRSENHIN
10.08%. 0.62%- 41.49 mg/100 g, 62.51 mg/100 g. It
Ab, WFER MR 25 SR o] DS 2, SR
BRSO H 2-CEE GRASMSEE & AR,

JitElE QGREETART SUED FHhEE Rk <R

FHB AR ZGHIED) . p-Jeb (R IRAIRAIEE 2O &
MRS (BOEREE ) DEa CRAEATER ) i dh i
Gredik) . BERE (BRIER). FriiiE GIRAREY
AR a-rihlE CRT LR ST, 1
FHIEIE 6L A A T B AU R 2o
BTG, TG B At 5T O RCRHE R 9
FHIRZH>VKIR 2 4H>VKIR 1 2H>CK 4, BB AR IR 580
WA OREERCR IR LT, FORT R 45 d Je i R
TRIFTE 85% LA L, HORSHEIR AR B A IR I R A5
T BRI RLL VKRB, A SEEG BT H]
FIE IR S RERIFTREL Y 3:8, ATREZPIANE
AR, SINREREATTE, HREHTE
TR & ¥ 70 A5 R BV BE AT SR S RO PREFERICR
AR NN & ¥ 70 7 BRI A N, 25
PRI AE RS RS R HOR R — AT T )
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