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Abstract: In this study, ultrasonic pretreatment of cauliflower was used before drying, and the effects of different levels of ultrasonic
pretreatment conditions on the quality of dried cauliflower products were explored. Meantime, the moisture status and distribution of cauliflower
during hot air drying were analyzed. Based on single-factor experiments, taking color, rehydration ratio, vitamin C content and DPPH free
radical scavenging capacity as response values, ultrasonic time, ultrasonic frequency and ultrasonic power density were selected to perform a
three-factor three-level response surface center combination design experiment. And the ultrasonic conditions with better quality of dried
cauliflower products were obtained. The results showed that the optimal process for ultrasonic pretreatment of cauliflower was ultrasonic time
6.00 min, ultrasonic frequency 80 kHz, ultrasonic power density 0.22 W/cm? Under these conditions, the b* value of the dried cauliflower
product was 30.58, the rehydration ratio was 2.97, the Vc content was 311.78 mg/100 g, and the DPPH free radical scavenging ability was
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17.20 pmol Trolox/g. The results of low-field nuclear magnetic resonance found that free water was firstly removed during the process of hot air
drying of cauliflower, followed by semi-bound water and partially bound water. After ultrasonic pretreatment, the degree of freedom of hydrogen
protons in cauliflower was increased, so the water removal rate could be accelerated during the drying process. Therefore, to improve the quality

of dried cauliflower products and reduce drying time, the response surface center combined design experiment and LF-NMR technology can be

used to optimize the pretreatment process of dried cauliflower products and analyze the moisture changes during drying.
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Table 1 Factors and levels in the single factor design
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Table 2 Effects of different ultrasonic time on the quality of dried cauliflower products

#8 /% A 18] /min b*{&

S K/g/g) Ve4&/(mg/100g) DPPH A w2 AR 4L % /(umol Trolox/g)

0 33.66£1.04°  2.80+0.18" 64.38+2.54° 7.07+0.76°
5 41.85+0.68"  3.10+0.08" 258.76+3.96" 11.86+0.17*
10 41.99+1.45*  3.16+0.15° 257.93+0.26" 11.72+0.73*
15 39.5240.96°  3.04+0.10% 219.74+6.95° 8.98+0.55°
20 41.4340.70°  2.95+0.13% 204.00+3.98° 8.61+0.15°
25 37.81£1.37°  2.98+0.18% 175.4346.15¢ 8.45+0.98°

E: R EE; RN EFERRATEFEE (p<0.05), BRI NEFEMELATEFTEE (p>0.05); FF.
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Table 3 Effects of different ultrasonic frequency on the quality of dried cauliflower products

# 7 A% kHz b*{& A Kpelg/lg) V& E/(mg/l00g)  DPPH A w48 #/(umol Trolox/g)
0 33.66+1.04° 2.800.18° 64.38+2.54° 7.07+0.76"
45 41.99+1.45° 3.16£0.15° 257.93+0.26° 11.72+0.73
80 42.94+1.32° 3.2740.41° 252314451 11.04£0.90°
100 42.07+2.42° 3.0840.17* 223.74+6.92° 10.76+0.43

x4 TEBAREREEEASRTHmamRAFm

Table 4 Effects of different ultrasonic power densities on the quality of dried cauliflower products

A ) F R/ (Wem?) b*{& B KH/(g/g) Ve 43/(mg/100g) DPPH # g3k 4 #/(umol Trolox/g)

0 33.66+1.04°  2.80+0.18¢ 64.38+2.54" 7.07+0.76°
0.22 41.9941.45°  3.16+0.15® 257.93+0.26" 11.7240.73°
0.28 43.0241.40°  3.11+0.05™ 240.04+8.55° 10.58+0.38°
0.33 43.60£1.21*°  3.21+£0.05° 237.0743.67° 10.37+0.94°
0.39 41.40£1.11%  3.0120.04% 236.61+6.81° 10.19+0.62°
0.44 40.71£1.22%  2.98+0.07° 2228449 86° 9.84+0.25"
0.50 39.05+1.11°  2.9440.12%¢ 208.26+7.13¢ 9.76+0.38°
0.55 37.40+£1.09°  2.86+0.12¢ 190.72+6.84° 9.61+0.40°
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N[ P T P I AERSE b (A =K,
Ve FIFT TR 4 iR, HRAH, RHE
R P T 25 P A A i) P DU A B 22 T 35
FEHERI (p<0.05). Bl 7S ThaR 2 B I3 e pl =
T S ) BRI K B Se R S e, S TS
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(p>0.05); Fifi 35 B 75 Th R 2 P 38 InAe e = 1)
Ve & &A1 DPPH H HESERRAE /785, #5588
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P PR Y 0.22 W/em® BENAIE .
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Table 5 Response suface center combination design experiment
variables and coding table

K N . 2 Az P 2
AflE)/min - SAFR/AKHz  FHhEHE/(Wiem)
-1 5 45 0.22
0 10 80 0.33
1 15 100 0.44

DA B PR 3B 2 SR O A, SR FH e L v 2adk
AT AC RS A Bl P A FRAR AL S0, I AE RIS T
Hldh b*. BKE. Ve &A1 DPPH M HiZEiERREES,
HUO AT R Z K g5 Rk 5 K 6 B
22.1 R R @A T I L R AT

{§iFH Design Expert 8.0 FA%FS230 45 Rt AT &
GINT, AFESAS S0 DR N i S AR RS ) — YR |l U
e/

b* {8 =31.27-4.88A+1.63B+2.89C+0.12AB+7.96
AC-2.19BC-6.68A*+5.72B*+3.35C>

5 7K H =3.55-0.08A-0.08B-8.75E-0.03C+0.03AB-
0.12AC+0.03BC-0.27A%-0.36B>0.15C>

Vc=186.70-6.44A-0.05B-3.03C-33.07AB+25.90AC
-16.65BC+44.47A%+24.74B*+34.98C>

DPPH [ HHLi7 A8 77=9.97-2.28 A+0.67B+0.59C
-2.05AB+1.89AC-1.68BC+0.63A%+1.88B*+1.78C>

He A By C BRI, SRR
PR, TR ISR RS R ERT b*{H.
K Ve &A1 DPPH H HESEFRAE /152G i .

203



MK EmBHL

Modern Food Science and Technology

2022, Vol.38, No.5

6 HIWRITREER
Table 6 Experimental designs and results

B35 AEME/mn AFEKHz RBEFE/(Wem®) b*  HEKk/(gg) Vel(mg/100g) DPPH/(umol Trolox/g)
1 -1 1 0 29.54 2.75 281.77 17.64
2 1 1 0 29.98 2.87 220.96 7.88
3 0 0 0 30.41 3.57 186.71 9.97
4 1 -1 0 29.48 3.03 296.17 11.42
5 1 0 1 28.60 2.87 288.36 13.36
6 1 0 -1 29.87 3.00 212.82 7.92
7 -1 0 -1 30.41 3.15 295.72 15.17
8 0 1 1 29.58 2.96 216.27 13.37
9 0 -1 -1 30.28 3.19 243.25 10.53
10 0 0 0 30.57 3.68 186.70 9.97
11 0 -1 1 29.46 2.99 240.70 14.59
12 0 1 -1 30.54 3.04 285.43 16.02
13 0 0 0 3091 341 185.70 9.97
14 -1 0 1 30.09 3.49 267.66 13.04
15 0 0 0 30.27 3.55 186.70 9.97
16 0 0 0 30.33 3.54 183.70 8.97
17 -1 -1 0 30.88 3.03 224.71 12.98

xR7 WEARBRTESH
Table 7 Regression coefficient and variable analysis
R AR b* AR Ve/(mg/100 g) DPPH/(pmol Trolox/g)
Intercept 31.27 3.55 186.70 9.97
A -4.89%* -0.08 -6.44 -2.28%**
B 1.63 -0.08 -0.05 0.67**
C 2.89 -0.01 -3.03 0.59*
AB 0.12 0.03 -33.07** -2.05%**
AC 7.96** -0.12 25.90** 1.89%**
BC -2.20 0.03 -16.65 -1.68%**
A? -6.68%* -0.27%%* 44 47*** 0.63
B’ 5.72% -0.36%** 24.774%%* 1.88***
2 3.35 -0.15% 34.98*** 1.78%**
R? 0.82 0.90 091 0.97

E: *RFRTF p<0.05, **RFRKF p<0.01, ***RFHKF p<0.001; A AR FIE], BARERE, CHREHEREFE.

KT TR AR, X LR R R AT T 2
ST, GRIE 7 Fn. Hdr, SUKHR Ve
AR (p<0.05), DPPH H HILIERRAE SRR B3

(p<0.001), b*{EHIAREE (p>0.05); Ve Fl DPPH
TR E BB R>0.9, b EFE K ITRRRI R E R
BORPBEET 0.9, BHIARK T i g & Lo

EH 7 WIAN, SEmafERB T it (A ik
FE N B> 75 D) 20 P> P A, A AR 7 B T o)
TEHBSET-H 5 b BA W2 (p<0.05);
i NN sk I B B e apiay IS B M =

204

IKPERN Ve & 8T BRI (p>0.05); S2MAEHT
Sl DPPH [H HHFEIEBRBE ST BT A 7 i ) >
T P AR e Ty e B, H v R R [ R AR
XPAERR=ET-Hil it DPPH H 2385 B e /1 B AR B 5
M (p<0.001), DA% BA W72 (p<0.05).
DAL RSB 1~3 SHEEX b*E. ZKEH. Ve F&E
F1 DPPH H HHESHFRAE /1 HI2E FAE I AT I .

P 1 RN, R (ALK AERIR ST b (B2
B3 (p<0.05), R AR AIER 75 D525 FE S A1
HE oMME TR (p>0.05). BEZE R A I TH] 1)
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Fig.1 The influence of the interaction of various factors on the

value of b*
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Fig.2 The influence of the interaction of various factors on the
rehydration ratio and vitamin C content
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