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Effects of microbubbles technology on the thermal stability and

quality of crystallized honey
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Abstract: Objective: To obtain excellent sensory and shelf life of

The
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crystallized honey. Methods: process parameters of
microbubble crystallized honey were prepared by mechanical
stirring on laboratory scale. The physical properties of crystallized
honey were changed by filling microbubble, and its thermal
stability and physical properties were investigated. Results: For
200 g honey the optimized aerated parameters were as follows:
the speed of the mixer, 2 600 r/min; the inflatable bubble time,
5 min; and the inlet flow rate, 6 L/min. The thermal stability
time of the current improved product at 35 ‘C was increased by

41.51%,

Besides, the changes of physicochemical indexes were all within

and while the hardness of it was reduced by 33%.

the prescribed range. Conclusion: Therefore, the microbubbles in
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texture can improve the heat resistance of the crystallized honey,
and extend the shelf life effectively. At the same time, the crystal
particles are fine and uniform, its color and taste of the product
are also improved, keeping its original flavor of honey.

Keywords: basswood honey; microbubbles; thermal stability;

crystallized honey; thermal characteristic analysis
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L2.1 iR gs e e L2

¥ F R — TR # (45 C AR5 30 min)—iL 38 (200 B
M) ARRGE >R mBEERF > AANBAE(RA,
W 99U ) >R gk >4k R

PRAE TR W T B R e B OK oy & & 2300 ~2400)
PR TR AR, T A 0.08 MPa (K iR
65 COTF W4 K 4> & ikl 1826 ~19% . U #i #x I
200 g YRR MEE FHEFEML L A HL B 1000 19 4
G b e N i N AN G W (U R (- F 8 U E i 2 21 R BN
FAMESE T4, THRE 14 CBE 75% M R HE
TG TP 25 Fh 48 ho A3 BB HL 45 e T .

1.2.2 BRFEKE

(1) HE HE O3 3. [ € 58 KB 3 min, #F < 3#
4 L/min, 35 $F ML 3 4 B 4 800, 1 400, 2 000, 2 600,
3200 r/min, HlFERCIHLES F g, DL 35 C R R 2

5
&l

B 1) 0 AR 3 g TE MY 48 A . IE 25 B R VM AR S i B
BE B 0 A e AR R ML
(2) AT IA] . [ #E AW 4 L/ min, 5 $E L5 3

2 600 r/min, 7B 43524 1,3.5,7,9 min, fil fEA

WA i, DL 35 C T B FAES A I [R] #0528 TF f 45

B s 0 45 6 18%CE E U TR 0 TR LR B R R
A

(3) HEAH : S PEHLIL M 2 600 v/ min, FEAHY

[A) 5 min, WA SN 2,4,6,8,10 L/min, L) 35 CF

A R AR BT [ 0 AT 5 PR AR R AR L OF 45 A RCE TR K
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Table 1  Orthogonal experimental design
KT A PO/ BRAME/ CHERE/
(r+ min~ 1) min (L+min 1)

1 2 000 1 4

2 2 600 3 6

3 3 200 5 8

1.2.4  f5HRIE

(1) REIEN . S GB 13102—2022 FISCHEEL9 1 &
A 235 T e B R PR B o L3R 2,

(2) FRAFEHEDT o 14 CIERE 72 h W8S BB T
G — KN, SR B P/12.5 B AR Sk, 3% 5 I TR R
1 mm/s, JEZERERE 4026, 10 5 &5 i e 28 10 T J3E 70 3 ok o
0 '8

Q) AR EE.sRAEEMBEERRBIE SR
DT BB [ 4% P T I AR L 5 o e 2 RE T TR R
A IRE N (35.040.5) CLAHXHBE N 75%, A1 h il
—WCHEA TR B, XRE S AL AR £
SO N SR TR a2 S e vt kL I L L R

R2 HRBERBETNIRE

Table 2 Sensory evaluation criteria of crystallized honey
£ R VT b v srE
=P LR | 0 R R 2 0~7

(3550) 1IOHLRS 2T A7 ik ) 10 R §~14

FEORLBE A K B R B R 15~21

PRI A TG UL 22~28

1R AR 3 T S AR A 29~35

@ BEHAO 0~5
(254} RikEa 6~10
Ny 11~15

EE NERGR - § 16~20

CEINSR) 21~25

HYURZS [ R RS HoA Rl 0~6
(254p) 2, R BOHRE LA B RS0 7~12
[ 25, R A6 B A /N 13~18

[ 2, RO i B0 19~25

LS o B AR 0~5
550)  HAT e A7 7 ok 6~10
FA AR e B AT TR 11~15
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(4) $T R TR PE 23 B DG AT I e o 1 4R
kAR S SH-1 B XUET 4R EHK 30 mm, HAZ 1.28 mm,
PEFE B B MK A 90 (30 s P4 (30 s MERFN 30 s
BHD R BB IR BORE b i e Y

(5) FK 43 &4k A4 SN/T 0852—2012,

(6) B & AR GB 5009.7—2016,

(7) BRJE MR 4 SN/T 0852—2012,

(8) ¥ LM AR Y% GB/T 18932.18—2003,

(9) TERYEGE : M4 GB/T 18932.16—2003,

(10) &5 i 0 2 i S PE o b o - th F H RTIR A 45
2R M T TR R 56 B L T 58 A B AR B AR R
Fe o PR LA S i T AR 0 A R R EO HAR S % H
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FEARACEE PRI I A R R B PR SR TR A

5AMERR . HHEE T Bl AL 10 (. 45 dn i
BN ER 5 PR S A 2 0 10 43 LR PR 0 = VR

FE X 25.9% 4 P A X 20,5 9% 4 B )i X 12.9% + it X
22.3% IR E VS X 18.4 % o 45 48 Aa Xl 43 PF 43 X [1) B A
SPEILE A,
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Table 3

il E Ao B

Standard setting basis

RFERE REFN WA REER ARG R/
/N (N-s) o i [F] /b (Wem™!«K™1)
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1.2.5 FiEbs HXEWEENE 3 K, R Excel
2021 3R A AT 1A *T/ﬁ%ﬁ’]ﬁ'ﬁwn%%ﬁﬁ?lﬁﬁi
b 22 671 5 2R Al Origin 2018 3 {4 & ; i a3 1BM SPSS
Statistics26 #{4 BEAT IE 28 B 43 T o
2 RS0
2.1 BRERFRRAR
2,11 BEREMLEEEE i3 5 T, BE A B R L Y 1
T BE R AE 35 °C R BIVER U I [ 2 T R 0 £ 3 W A TR
PR BB R B . BB AL (A5 8 P
MR e S B g TG, J&E PF 0 2B
KRIGREAGE SR MR AL B 2 600 r/min I, FF & 1Y
E PR Il PR A R L B /ANOIE T RR
B 45 T 3 2 3R THDHELRE 5 300 FF ML % MG B O 68 3
TR BRI 3R T8 2 2R IUMLRE B3R B A R BRSO

H L1 AT A B S AR S O 28 Y B R LA
<2 000 r/min B, Fh Pk 5Pl 3 B8 B TR AR B AL
B, e N RE R O R A I B A Y R Bk R
IR0 B 1R T IR AR IR SRR RS . AT L Y
B PEALEE B 2 600 r/min B, 45 i 89 2 19 PRSI (1] 3¢
K G REBAR RE R o SRR MR, A
l?[ﬁﬁvﬁ**ﬁﬁ‘ﬂ% A 2 000~3 200 r/min #4175 £L1E
2.1.2 FRANTE] @R 6 AT A, BB 5T AN TR Y 1 A
i 35 C I PR E B U] RS R MR I 4 2 R e S
R AV e A, 260 2 S/ o 2 IR ) e R IR T R P

Loz 0one »00 il IR TR E K 5 T U T A AT 9 3 L
4 GHRBEERREDIRE
Table 4 Grading rules of quality evaluation of crystallized honey
I3 PRUEME /. BMEHRQO CO)/(Wem '« K™D e /N Bt/ (N« s
10~9 19.66~17.66 0.287~0.317 1.312 5~1.462 5 —0.488 2~—0.568 2
9~8 17.66~15.66 0.317~0.347 1.462 5~1.6125 —0.568 2~—0.648 2
§~17 15.66~13.66 0.347~0.377 1.312 5~1.162 5 —0.648 2~—0.728 2
7~6 13.66~11.66 0.377~0.407 1.612 5~1.762 5 —0.728 2~—0.808 2
6~5 11.66~9.66 0.407~0.437 1.762 5~1.912 5 —0.408 2~—0.488 2
<5 <9.66 =>0.437 >1.912 5 < —0.808 2
RO HEHNEENEREERRNZ N
Table 5 Test results of different mixer speeds
Tt P WL 1/ 35 CH#FaE PR (20 C)/
(¢t + min=1 -l (W e m—1 e K-1) BE TS BE VRN A5 R
800 10.3340.47 0.5114+0.015 66.30£4.69  FLE (0, O REOHIES L 7 M BUHUES B BRSO B &
1400 10.6740.47 0.517+0.007 68.60+5.80 R, 1RO T BCHLEE . A B A
2 000 11.0040.82 0.49140.017 70.70+3.52  FLEE (O, CEES U, R AR . A B
2 600 12.004+0.00 0.429+0.020 86.30£6.87  FLEA@GE, OB L, RIMBOLH A ERE
3 200 12.33+0.47 0.43140.033 84.60+5.78  FLEA MM, DRI L 2 T BOHLEE HLA B Z /Nl
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;;‘ . 7-0.9 TEIG I, 2SS >7 min B I E R TSP B2,
aal R . e Bt los IR BT O R B B R e, RR
210, e B I i Jy 3 min A1 5 min B % F VE 40 A 22 8 fH 5 min
L3 \\ 107 S AR A AEE LRI R 2 TR
B 18f L § & FU IR TRD X 45 it 06 B R P 1 52 0 /0N 3 in I ) 6P B
= i "1 AN B OB TS5 min J5 R TORZE . [ L i B~
sl 105 © 5 min #4755 L E R K .
1.4 2.1.3 EAGREE fhER 7 ul L, MG PR AO E A K, 4
600 1200 1800 2400 3000 AR I ) 690 0015 W O 98 93 0
et L . A 46,8 L/min 1 BE § 10 3 A A B
B 1 B AU i xS AR T Ao AB 60 R TrR.aFEdBETAAG., H#EWEN 10 L/min
Figure 1 Effects of mixer speed on hardness and Ed‘ WA B R AT A B 22 TR 3 BB o 0 R TR
stickiness of honey AW HEN 4,6 L/min By £ 5 2 IRE P L 2R,
F6 REMENEREERROII
Table 6 Test results of different charging time
SEEHE/ 35 CHERE G20 C)/
E:iim Hﬂ%‘j;m (W%f o, R 41 255
1 10.33+1.25 0.43340.028 75.50+5.57  FLEE €, HESEHEE . RBOLHE HA /DN A EE
3 12.00-£0.00 0.42540.014 86.30%6.87  FLE M . LUREF R TBOLH A BE
5 13.67+0.94 0.40940.015 86.90+4.82  FLAM, DMK, RIEBOLH BB D/ VUL BEE
7 13.00+0.82 0.434+0.041 67.80+5.63  FLEA M, KA R MBI HA UL AEE
9 10.00+0.82 0.43140.035 62.10+3.74  FLEAM, HE— 8 RMBHEE LA UL AEE
207 7711 B 6 L/min Py E I MRS . 2563 6 TR 3, MR
el BE 1o SEH O 6 L/min B B B P 3 BRI
L7t '\. los 7 #4~8 L/min #4758 IE S I8 .
M% 1.6F —a . - %ﬁ 2.2 EXRIWHH
g,(_g L5, . - o o 7708 é & TE A0 4 6 Fm A0 0 25 R 0L 3% 8, th % 8 WA AT
=0 o7 2 I 0 B R O L 9 T 2
Lol Log = AuBy Cy s i R (RT3 7 45 PR 2 4 1T 69 VB Sy B>
1.1 A>>C>D, i $F B 18] %5 #E 5 & 5T 52 ) S5 0% 65 AR B &
105 2 4 3 8 1003 . R R E N RE T2 &M ABCs R 9
ot AT ALB B C T B 5 19 25 4 VA0 B R B (P <
B 2 oSBT AR A A B 4G R 0.05), I IL#% I8 A, B, C, T A0 Ay B, C, T HEAT $a ik 5K
Figure 2 Effects of aeration time on hardness and 5, AT A SRR L .
stickiness of honey R L10A . Ay By Co 75 44 F RO RE &h &6 AL T
7T HESFRENEREERROFIN
Table 7 Test results of different intake velocity
AW HE/ 35 CHEaE P20 C)/ ;
(L min 1) o /b W - f—l LK1y BRE PR E PR A5 R
2 11.0040.82 0.409+0.021 81.30+3.58  FLEA i, mdEc s FRmBOLH LA /N B EE
4 13.00+0.00 0.352+0.031 87.2044.04  FLE A, FIERAIR R EEOLH HA D W/ A ER
6 13.67+1.25 0.34640.016 87.60-4.65 FLIIfa . RN, B BOLE A ERK
8 13.00+1.41 0.348+0.031 80.30+3.16  FLEAf . AT RMAHEE B AR K A8
10 11.33+0.94 0.349+0.028 80.3043.16  FLE €, HIE&—fik, REHUEE HA R AER
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1.80r 110 9 5 6 JIT AT T 0 PR TR A T B Y
1751 By 12009 FET L4 ABCo s BN BEPEHLES B 2 600 r/min, 785
ol . os B B 8] 5 min, #EARE 6 L/ min, B IHEE 10 255 14 20 A
Z . R — ¢ < 7.602,
i g S
g TSR 23 REMIAEMELER
Tleol e e, ,_oaé BT L & A B G CBEFE B S
1550 105 2 600 r/min, I MF[E] 5 min, R FE 6 L/min) ] 55+
i H R E R IR AR WA 11,
B T S T S 4 11 AT v A T 4 A A LR 1 9 B
et ey e fedibrdy fE GH/T 18796 2012 HUsE 6 [ . 4650 T
B3 LAk R A S 4G R TR A4 SRAL S AR (AL A B/ 0 W e A L e AR X
Figure 3 Effects of intake velocity on hardness and e DA IR 3 R R BN RE AR AT b R R M N R
viscosity of honey %
8 EXRWHER
Table 8 The results of experiment
REE A B C mepy  RE e /N it/ e
WE/h (Wem™l-K ™D (N s
1 1 1 1 69.70+3.63  10.67+0.47 0509 040.011 9  1.803 040.065 5 —0.787 00.015 1 5.399
2 2 2 77.70+6.97  12.33£0.47  0.467 020,017 2 1.783 0£0.028 7 —0.768 0-£0.006 2 6.002
3 1 3 3 74.20+6.31  13.0040.82 0427 0£0.025 0 1.720 00.037 4 —0.799 0£0.010 7 6.397
4 2 1 1 75.50+5.57 1167047  0.456 0-20.005 7 1.733 0-£0.069 4 —0.801 0-£0.019 8  6.024
5 2 2 3 78.50+4.38  13.0040.82  0.434 020,015 2 1.623 0£0.036 8 —0.763 0£0.018 4  6.570
6 2 3 2 87.60+4.65 14.000.82  0.346 0400159  1.620 0-£0.029 4 —0.758 0-£0.022 6  7.453
7 3 1 3 68.90+6.75  10.33+0.47  0.379 0-0.013 2 1.690 040.032 7 —0.805 00.028 0 6.252
8 3 2 1 84.60+5.78 12332047  0.358 0400153 1.727 0-£0.070 4 —0.775 040.006 6 6.975
9 3 3 2 88.00+H4.75  13.67-£0.47  0.354 0400295  1.657 0-£0.046 4 —0.797 00.010 4  7.213
ok 5933 5892 633
& k: 6682 6516 6.889
FE ks 6813 7.021  6.406
4 R 08806 11291 04827
RO HESWER B3R 12 AT 5 — R 4 AR I 0 S R LL L ATL B A
Table 9 The variance analysis of orthogonal experiment R G RO T A AR B e B TE R E e A A L R
W% mEPHM AmE  #y 0 F@ w%hkopr I35 CHREUEM P& T 41510 R —E g
A 1.354 5 2 0.677 2 29.311 0 % PR AT o [F) B 7 20 it 9 88 ) 58 32 0 26 2 O Tl P R A A
B 1.919 5 2 0.959 7 41.5378 * KM,
C 0.879 8 2 0.439 9 19.039 2 * 2.4 EHAKSE TN
REoowr 2 0] BB 2 A A B o AT 76 48R TR 14 C

Toox x HERWRBE(P<0.0D); x HEFEBE(P<0.05),

* 10

W BE 75 U6 i 16 L AR oh A2 4 B 48 h AR BB A4S

Table 10 The results of confirmatory test

Mt/ 35 CHkasE G20 C)/ .
T L&A B /N X IS
(N+s) i il /b (Wem 'K
ArBsC, 1.597+40.028  —0.774+0.023 13.33+£0.47 0.31340.015 89.143.35
AsBsCo 1.62340.033  —0.797+0.035 14.00%£0.00 0.33840.019 88.65.11
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Table 11 The main physicochemical indexes of Linden honey after producing processes
R B/ TE A FEE/ ¥2 S bR/
KB kA% N S S5/ % ” N
(mL kg™ 1) (mL kg t+h 1) (mg + kg™ 1)
HR A I 2% 23.6 20.2 70.41 16.7 5.39
e 4 e % 18.2 20.3 70.09 13.3 8.49
g e 18.4 20.6 68.73 13.4 9.01
F12 HMENEBRNEREEERITL
Table 12 Comparison of honey physicalproperties of lime tree crystal between with microbubbles and without it
35 CH#FasE HFF (20 C)H/ Ritk/
e _ o N R
I i)/ h (Wem ' +«K™D (N+s)
— e 4 0 9.66+0.47 0.43740.018 2.38440.016 —1.61340.034
RS e 13.67+0.82 0.313+0.015 1.597+0.028 —0.774+0.023

W LA T T E N B AR AT AT 180 d I st
B BEAE SO ) R4 L B i E I S A IR
BN R e B A T SRR B A B B R AR
NG o ) e 1) 7 SR e TS e A . i BT 4 ET A,
Wi A S T ] 09 A 25 o 09 4 00 T SR KOS B AIR
R RS A B AR S S n . &5 S W0 99 iy T
VR AR B BN I E R RS R T A R E N
PRMARTE AT 23 7z 3l . BE A 23 1 (AR 1 g B 3% L OB A
T AT A R S ] A 5 AL L DT R T e A A L B
& PN BE R TR 4 AR RN 2 A R R AL
UG B, T LR ) L R RE n
3 g

BBUR A WA E R b G RN E A TR L & DR
R B PEFURE . 45 AR Y IR R L2 AR R AR AL
#5392 600 r/min, 35S WA 5 min, YR 6 L/min, it
TR TAT B 45 5w s 2306, Tty
A3 FRAN B, T LA (AT, 5 G B A L

6r _
A 1214
sp -m- R
—o- Rk =
z 4r +4-1.2 z
B B e
= = 3r /l/ \ T
=E - T &
= / u-1.0 -2
2t =
u - =
L / -
>
22 —4-0.8
1 0\‘\‘/‘\‘
0 L L L L L L L L
0 20 40 60 80 100 120 140 160 180
Fif 1]
Time/d

B4 EROARFMFTERGLREFRE LT
Figure 4 Changes in hardness and viscosity of crystallized

honey stored indoors under natural state

B 35 CHFEE M 32 T 41.51% B AR T 33% . [A)
B k3 TN e B R A B TR LA e B T A R
S50 )L, JE SR A RLIE M R 5 R, AT R SE T
MR IR Y

5% 3k
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