MK EEBHE Modern Food Science and Technology 2027, Vol.43, No.6

AEMIILZRARYIEMBGERF LS

MR, BEZS, EIRE, BRREC, BB, KK, KRR, SHK, f‘%é’ﬁ“"

(1. R BRI RAT B, AN 324400) (2. P 4B AN OAF B AL 28t BRI P, /%fr/l/é FEIRIGI L B
RELEERE, Ak 310016) 3. #irZ 2 RAR I LIMA FRad), HTEri 324000) (4. A8 sk
R SRR TAEsE, AOTERMN 324000) (5. UTRMARK FRSEMEE SR, HTALM 311300)

(6. BRIR LI A B8], HT#M 313000)

WE: ATHRAR I L ETHRIERBIR M Hh, AR VGREGS. 45, RALRAT 2, FRET REMIER (FE
BIER. FREKRIER, TikfbAdF ). RRTFRER CREFTBR. A TR, ZRESE) RIETNIER AR IR R,
FETHAGFBIDHA S R RIBEHRATT AL, BREAY: TREERERADER T T ERER, EREEIF T
ABETREBERGRHR T RETRRIER, BEREARE LS. Kot F LK, WREWE, KoEEAZ, RRMI TR
BRI THRR AR £ FAK, P b Sk i R oAb TR s R TAEROR R E AR, RUBAEA d0445 R 2 Ferro-Fontan AEA
B9 B BT RIR RRE A L L L ABIRATA (R®>0.99), kit HAFhE 20 CAM T, RRMIHA, FRIEARREF LT 204K
F 5 A 4.00%~459%. 347%~6.09%, FArFEAAIKEA 10.42%~12.12%. 854%~12.73%. 4% b, FEikifbhFIET L6085
RRBHLERTEEFETIRLE, ZARERIEMA. EBIRRIEF 5 R T Zib A,

KA Ry, PR, SRR AT AR ER; FRBOIAR

DOI: 10.13982/j.mfst.1673-9078.2027.6.0488

Comparison of the Physical and Moisture Absorption Characteristics of

Instant Tea with Different Processing Methods

DU Wenzhong', JIANG Yulan?, FAN Zhenxin®**, CHEN Shuang®, PAN Junxian?, ZHU Yuejin®*,
ZHANG Ruiyang®, LYU Yangjun®*’, WANG Peifei**"

(1.Agricultural and Rural Bureau of Longyou County, Quzhou 324400, China) (2.Hangzhou Tea Research Institute,
CHINA COOP, Zhejiang Key Laboratory of Transboundary Applied Technology for Tea Resources, Hangzhou 310016,
China) (3.Zhejiang Minghuang Natural Products Development Co. Ltd., Quzhou 324000, China) (4.Zhejiang Agricultural
Talent" Workstation for Longyou Huang tea Industry of Zhejiang Province, Quzhou 324000, China)

(5.College of Food and Health, Zhejiang A&F University, Hangzhou 311300, China)

(6.Xiang Piao Piao Food Co. Ltd., Huzhou 313000, China)

Abstract: To understand the influence of different processing methods on the hygroscopicity of instant tea, this study investigated the
physical and hygroscopic properties of instant tea produced by different processing techniques including commercial instant tea and hollow
granulated instant tea (industrial production), and different drying techniques including spray drying and freeze drying (laboratory preparation).
The investigation encompassed three representative tea categories: instant green tea, instant black tea, and instant jasmine tea. The experimental
data were fitted and characterized based on isothermal hygroscopic models which are commonly used. The results showed that the fluidity of
hollow granulated instant tea was better than that of commercial instant tea, and its bulk density was significantly lower. The fluidity of
freeze-dried instant tea was better than that of spray-dried instant tea, also with significantly higher bulk density and lower moisture content. In
terms of hygroscopicity, the higher the water activity, the greater the difference in equilibrium moisture absorption rate among instant teas
produced by different processing methods, with hollow granulated instant tea and freeze-dried instant tea showing a lower value. The fitting

WhsHER: 2026-03-30; f&EIAHA: 2026-05-26; 3EFHEA: 2026-05-27

E£WB: AHFEMTRINE (2025060); #iIEBMRSHRRETIE

E& RN TR (1989-), B, i, RZW, HA5ARE: RUFEAHE, E-mail: 740574995@dg.com.

BIEE: S48 (1989-), B, Wit, BMIRR, WRAE: FERFAMEL, E-mail: lvyangjun1989@126.com; HEEIAMERE: FF|IE (1995-), %, Mit,
IERARR, MRAE: FER RRERATEFANAME, E-mail: 1063960377@qg.com



MK EEBHE Modern Food Science and Technology 2027, Vol.43, No.6

results of isothermal hygroscopic models indicated that the Ferro-Fontan model could accurately describe the hygroscopic behavior of instant tea
produced by different processing methods (R*>0.99). Calculated by the model, the absolute safe moisture content ranges for instant tea produced
by different processing techniques and drying techniques at 20 “C were 4.00%~4.59% and 3.47%~6.09%, respectively, while the relative safe
moisture content ranges were 10.42%~12.12% and 8.54%~12.73%, respectively. In conclusion, the hygroscopicity of instant tea produced by
hollow granulation and freeze-drying processes was significantly lower than that of the conventional spray drying process, which provides
theoretical reference for optimizing instant tea processing and regulating storage conditions.

Key words: instant tea; hollow granulation; spray drying; freeze drying; equilibrium moisture absorption rate; isothermal hygroscopic
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Table 3 Water content of instant teas with different processing techniques

50 4 AR K2 1%
SSL 4.2940.02°
SSH 4.9140,03%
SSM 4.3849,07
ZKL 4.7920.03°
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Table 4 Water content of instant teas with different drying processes
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Table 5 Physical quality characteristics of instant teas with different processing techniques
s AR AEEREEN(gMLY)  EERREBEANGMLY)  ESHENM Rt ASEFIR kAl ASHEFIR

SSL 0.4840.00° 0.6240.00° 21.5940.77% 1.2840.01° #T 26.8940.57" 47
SSH 0.3940.01° 0.5040.01° 22.3140.66° 1.2940.01% T 27.9541 63" EFHF
SSM 0.5040.02? 0.660.02% 2497439 1.3340.02% T 30.5640.70° EFHF
ZKL 0.2240.00° 0.2640.01° 13.9943.17° 1.1640.04° i 28.3141.61° EFEF
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Table 6 Physical quality characteristics of instant teas with different drying techniques

HeSa b AR B WS gmLY) R R AR (emLY) ESE% EIA AR kA AR

LDL 0.6640.01° 0.9240.01° 28.0741.29° 1.3940.02° £  352240.00° 4%
LDH 0.6940.01° 0.9340.01° 26.0841.88° 1.3540.03° £  30.99#.27°  4F
LDM 0.6440.01° 0.8640.02° 26.0441.48° 1.3540.03° £ 34714088 4%
PWL 0.2940.02° 0.5546.01° 47.9743.29° 1.9340.12° MR £
PWH 0.2746.02° 0.4846.00° 42.8543.28" 1.7540.10° # £
PWM 0.2446.01¢ 0.4440.00° 44.6041.39%1.8140.05°  # £
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Fig.1 Moisture absorption of instant teas with different processing techniques (20 °C)
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Fig.2 Moisture absorption of instant teas with different drying techniques (20 °C)
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Table 7 Parameters and fitting effect evaluation indicators of isothermal hygroscopic models for instant teas with different processing

techniques
. AR A

GRS AR R? SSE

a b c
Lewickil 6.44 048 0.98 28.10
Chen 0.09 0.35 0.96 4291
SSL Ferro-Fontan 2.06 171 0.34 0.99 4.38
Henderson 0.16 0.82 0.99 6.59
Halsey 16.88 174 0.96 43.13
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Smith -3.07 -12.91 1.00 487

Oswin 6.45 194 0.98 28.10

Lewickil 6.44 0.49 0.98 28.24

Chen 0.10 0.36 0.96 40.04

Ferro-Fontan 208 1.86 031 1.00 246

SSH Henderson 0.16 0.83 1.00 6.08
Halsey 17.25 175 0.96 43.27

Smith -2.95 -12.72 1.00 397

Oswin 6.45 195 0.98 28.24

Lewickil 6.64 0.50 0.97 30.58

Chen 0.10 0.37 0.97 35.73

Ferro-Fontan 214 174 0.34 0.99 5.66

SSM Henderson 0.15 0.85 0.99 7.79
Halsey 19.09 178 0.96 46.56

Smith -2.76 -12.65 1.00 438

Oswin 6.64 1.99 0.97 30.58

Lewickil 5.85 050 0.97 23.07

Chen 0.11 0.38 0.97 26.15

Ferro-Fontan 207 1.90 031 1.00 2.16

ZKL Henderson 0.17 0.85 0.99 507
Halsey 15.60 1.79 0.96 3531

Smith -2.32 -10.99 1.00 255

Oswin 5.85 2.00 097 23.07

Lewickil 5.81 048 0.98 22.06

Chen 0.10 0.34 0.96 39.04

Ferro-Fontan 197 177 0.32 1.00 172

ZKH Henderson 0.18 081 1.00 4.38
Halsey 13.74 172 097 34.22

Smith -2.93 -11.93 1.00 4.03

Oswin 5.81 192 0.98 22.06

Lewickil 5.70 047 0.98 20.27

Chen 0.10 0.34 0.96 41.66

Ferro-Fontan 1.93 1.65 0.35 1.00 205

ZKM Henderson 0.19 0.80 1.00 3.86
Halsey 12.89 1.70 097 31.87

Smith -3.03 -11.98 1.00 458

Oswin 5.70 1.89 0.98 20.27

i oa. b, c AREIEH,

K3 FE R LR SR P & wh esghe e v, i stk g R, RERS A SO A A K. B,
WA E K ERE/NT 0.70 B, Rl BEDRIREREE . & M E AR K mER /T 0.50 B, JLF-Fr
A TE K EHERY, TR I s A 2 K S TE B 0.70 BRI 7K 43 & B S AR 224010, FHU i AR Bk 4 2 &
RER A 7KER s KOG 0.50 B 7K o0 & B a0t 22421, BHUbTHEAS BIRI7K 0 & B4Rt 22 A Fk e

24 Ferro-Fontan #5%Y, THEIEIAZRTE 20 C R FIAHRT L A B /KR FNLENS 2 A5 KR, g5 I3 8. 7E/N LY
FERIE T K S BRI 2 A SRR LR, AT RIE A I .
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% 8 NEIMIRAR BRI R AN R L SKEMETREZKE
Table 8 The absolute safe moisture content and relative safe moisture content of instant teas with different processing techniques
LR AT REEGREN AT ZEEKEY%

SSL 459 11.79
SSH 450 11.83
SSM 4.83 12.12
ZKL 417 10.71
ZKH 4.03 10.66
ZKM 4.00 10.42

242 AR TFREARERFIRBIZALR
AN FEPRRARLOS AN [F) AR B R SR SR BRI S 1S R R S B S BRI R IR 9 s, 4R
7%, Chen B4 | Ferro-Fontan #% . Henderson 1%, Smith 1 RU40-A R IIEANFEAREST, R2¥IKT 099, Hirdr,
Ferro-Fontan 1% 5 Henderson 17 [f) R® &5 SSE S4B AT, RO ARSI, It I PR BSRL85 R Rl
I VA VR T A T R MG 25 TV 2 B 7K R BT AT 9
* 9 NETFREAREFRF RN SR SHRINGRITMNaiR
Table 9 Parameters and fitting effect evaluation indicators of isothermal hygroscopic models for instant teas with different drying

techniques
AR
Ao 4 AR A R® SSE
a b c
Lewickil 533 046 098 1448
Chen 011 033 096 4154
Ferro-Fontan 190 140 045 100 278
LDL Henderson 021 078 100 239
Halsey 1105 1.68 097 2420
Smith -301  -1155 099 513
Oswin 533 187 098 1448
Lewickil 4.89 047 099 1147
Chen 012 034 096 3360
Ferro-Fontan 181 145 042 100 066
LDH Henderson 022 079 100 123
Halsey 980 169 097 1939
Smith -262 -1042 100 367
Oswin 4.89 1.88 099 1147
Lewickil 475 047 099 1099
Chen 012 033 096 3178
Ferro-Fontan  1.79 143 043 100 113
LDM Henderson 0.23 0.79 100 132
Halsey 9.21 168 097 1859
Smith -261 -10.18 100 348
Oswin 474 187 0.99 10.99
Lewickil 744 0.55 098 19.84
PWL Chen 011 0.52 098 1517
Ferro-Fontan  2.71 142 053 100 213
Henderson 0.11 0.95 100 162
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Halsey 3363 196 096 3532
Smith -108 -11.37 100 021
Oswin 744 2.20 098 19.84
Lewickil 7.24 0.53 0.98 20.35
Chen 0.10 0.48 0.98 1945
Ferro-Fontan ~ 2.54 145 050 100 178
PWH Henderson 0.12 0.92 100 182
Halsey 2925 192 096 3555
Smith -144  -1164 100 019
Oswin 7.25 215 0.98 20.35
Lewickil 6.95 0.54 0.98 15.92
Chen 011 050 098 17.36

Ferro-Fontan  2.66 136 056 100 221

PWM Henderson 012 092 100 113
Halsey 2747 193 097 29.20
Smith -124  -11.02 1.00 0.09
Oswin 695 216 098 1592

E: a. b, c AR T,
YT Ferro-Fontan 1574 GEAS [R] I R AN R I T ASHEIE A 7K 73 W ATy, BRI BE LA 5 R 44 1 Ferro-Fontan
BARITHRAE 20 CTRHIA AN 224 B K RN 2 5K %, 455403 10 Bk,
10 FEFRIZHAFIRITIZHIENT R e EKEREN R EEKE
Table 10 Absolute safe moisture content and relative safe moisture content of instant teas with different drying techniques
BBtk B REEKEN  AAXTLEEKE Y

LDL 394 9.58
LDH 3.55 8.80
LDM 347 854
PWL 6.09 12.73
PWH 581 12.53
PWM 5.70 11.84

3 g

AR RGIRTL T AT T2 ONTHEAR, FEEAR) MHEIESR . BIFLAR. B RAEREL S TR
PE BRI 5 . G538, AN T 2R S PR R 22 0K, AN [RS8 2 AR e/ . Bk
M, TAEFT, AR TSR EA SRS E . WMahtEmEoR, Pasis bl E A0 3 g S
AN B R A BB T TR A, HIRS R L (CURSE RS S0 ; sSEi s, A
[FI TR AR EIAFOK T & MR, AR BN R, AR T A SRR AR o & i H e
U P 5 B A B P38 i T B T USSR A%, s MR AR T 188 T A A AR ZE B A S g LN S 438D
20 CHMTN, AFEINTHAR AETFREATE A H B P HEGE 25 BE7K 775 B RS K, JCHAE @KoM &
TNEBREUGKES, DR EREESR . AR TRV S PR RR A A U, A T S A A nT
RESEA B T HAE SR ISR R e sde e e B TP SR ], AR T R s RO A 4 5 AR TR
T A S AR AR TN 2, IR Ferro-Fontan 570 g [ I RS A AN R T 20 R IGE AT A (R>0.99),
ST A S iR . 18 e RIT R 2B RE 8], 176 20 C&M N, AR THEARIE
(R A AR 224 B 7K BN 4.00%~4.59%, AHXT 224 57K Z60N 10.42%~12.12%; AN T4 T 2 HA5 AT IE 25 1)
Ykt 4 B IKFN 3.47%~6.090%, FIXT 245 /KN 8.54%~12.73%, X NHEIFEAIN T T AN S 24 R LB
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