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Néam Linh chi (Ganoderma lucidum) 1a mot ngudn tai nguyén quy gia voi nhiéu loi ich cho stc
khée con nguoi. Trong ndm Linh chi chita cac hoat chat sinh hoc quy nhu: Polysaccharides,
Triterpenoids, Peptit va cac chat chong oxy hoa, trong d6 thanh phan Polysaccharides duoc xem
1a hoat chat chinh tao nén gia tri ciia ndm. Két qua nghién ctru da xay dung duwoc cac ham héi
quy: Ar = 19,0812 - 0,3985.t - 0,070625.P + 0,0027.t> + 0,000916667.t.P + 0,0000944444.P?, dE =
206,187 - 7,00175.t - 0,124167.P - 49,9938.A + 0,0718.t> + 0,000902778.P? + 73,625.A%, %PA = —
333,654 + 16,7157.t + 0,323173.P — 0,168985.t% - 0,00145791.P? va x4ac dinh duoc cac thong s6 & ché
do toi wu: t = 49,9°C, P = 103,6 W, A = 0,33 voi Ar = 4,35 kWh/kg, %PA = 97,5%, dE = 23,93.

Tikhoéa: Bom nhiét, song siéu 4m, nam Linh chi, Polysaccharides, ty Ié gidn doan.

1. AT VAN BE

Nam Linh chi (Ganoderma lucidum) duoc biét
dén nhue mot loai duoc liéu quy voi nhiéu cong
dung c6 loi cho stic khoe, bao gom: Chéng oxi
hoa, ting cuong hé mién dich va ho tro diéu tri
mot s6 bénh ly. D& bao dam céac hoat chat co loi
ctia nam Linh chi khong bi mat di trong qua trinh
ché bién, viec bao quan va xit Iy ndm sau khi thu
hoach la vo cung quan trong. Cac phuong phap
bao quan phd bién hién nay la phoi nang hodc say
kho, giap luu gitt lai ham luong dinh duong va kéo
dai thoi han st dung.

Tuy nhién, phwong phéap say kho truyén thong
c6 nhimg nhuoc diém nhw: Lam t6n that ham
luong vitamin va duong chat, thay déi mau sac va
cau truc ctia nam. Chinh vi nhiing ly do trén, viéc
nghién cttu va phat trién cac phuong phap sy mai
hiéu qua hon 1a can thiét. Cong nghé bom nhiét c6
song siéu am hoé tro qua trinh siy duoc coi la mot
giai phap tiém nang, giup to6i vu hoa qua trinh say
bang cach gidm thiéu ton that nhiét, tiét kiem
nang luong va duy tri chat luong san ph4dm t6t hon.

2. VAT LIEU, THIET BI THi NGHIEVI VA PHUONG PHAP NGHIEN
cuu
2.1. Vat liéu

Nam Linh chi twoi duwoc trong tai thi xa Tan
Uyeén, tinh Binh Duong va duoc bao quan ¢ nhiét
do 8 + 0,5°C. Do day cua lat nam duoc thai bang
may cat thuong hiéu Ritter véoi do day 6 mm.

Am do ban dau ctia nam tuoi duoc xac dinh
béng thuc nghiém c6 két qua nhu sau: w, ~ 69,4%.
Am do yéu cau: w, ~ 13%.

2.2. Thiét bi

Thiét bi sdy bom nhiét két hop song siéu am
duoc stt dung trong thi nghiém 1a san phidm tu
thiét ké, ché tao. So d6 nguyén li duoc thé hién &
hinh 1.

Cau tao may sdy bom nhiét két hop séng siéu
am co 4 hé thong chinh nhu sau: Hé thong bom
nhiét bao gom may nén co6 cong suat dong co 34 HP
thuong hiéu Kulthorn, thiét bi bay hoi, thiét bi ngung
tu chinh, thiét bi ngung tu phu, van tiét luu,...
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Hinh 1. So @6 nguyén li hé théng sdy

He thong sdy hoi luu toan phan bao gom:
Pong co quat, budng say.

Heé thong siéu am bao gom: Bo phat séng siéu
am tan s6 28 KHz, cong suat 180 W, dau phat séng
siéu am, tdm tan xa [1 - 3].

Hinh 2. Thiét bi sdy thuc nghiém

He thong diéu khién bao gém:

+ Dong ho do nhiét do (Model: DS - 1): Thang
do ttr-50°C dén 70°C, sai s6 +1°C.

+ bdng ho do nhiet do - do0 &m (Model: Fox-
300A): Thang do nhiét do tir-55,0°C dén 99,9°C, do
am tir 0 - 100% RH, sai s6 +1%.

+ Doéng ho do toc do gi6 (Model: AM-4203):
Thang do tir 0,4 - 25 m/s, sai s6 + 2%.

+ Dong ho do dien ning (Model: PZEM-061):
Thang do tir 0- 10.000 kWh.

+ Loadcell cam bién khoi lwong (Model: BCL-
20L): Thang do 0 - 10 kg, sai s6 + 0,03%.

Dung cu do dac:

+ Can sidy 4m hoéng ngoai (Model: FD-720)
xuat x¢ Nhat Ban: Thang do 3 - 120 g, sai s6 +
0,05%.

+ Can dién t¢t (Model: WH-B20): Thang do tir
0 -10kg, sais6 + 0,1 g.

Trong buodng sdy, tac nhan sy chuyén dong
song song voi voi bé mat khay chia vat liéu say,
trao d6i nhiét 4m voi vat lieu sdy qua ca bé mat
trén va dudi ctia vat lieu. Dau phat siéu am dit phia
duoi khay c6 nhiém vu truyén dao dong thay doi
cau truc cua vat lieu.

Su két hop nay sé lam nudc trong vat liéu sy
boc hoi ra bé mat vat liéu siy va moi truong nhanh
hon va déu trén toan bo vat lieu sdy.

2.3. Phuwong phap nghién ctru

2.3.1. Phurong phap nghién cuu thuc nghiém
don yéu to’

Ap dung phuong phap nghién ctu thuc
nghiém don yéu to6 dé nghién ctru anh huéng rieng
ctia 3 yéu to: Nhiét do tac nhan say (°C) ky hiéu la
t; cong suat song sieu am (W) ky hiéu 1a P; ty 1é
phat séng siéu am ky hiéu 1a A dén chi phi dién
nang rieng (kWh/kg) ky hiéu 1a Ar; su thay daoi
mau sic ky hiéu 1a dE; ham luong phan tram
Polysaccharides ky hiéu la %PA.

2.3.2. Phurong phap nghién cuu thue nghiém

Ap dung quy hoach thuc nghiem dé nghien
ctru anh hudéng dong thoi ctia 3 yéu to: t, P, A dén
Ar, dE, %PA.
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bé xac dinh méi quan he t, P, A dén Ar, dE,
%PA, tién hanh giai quyét bai toan sau:

X1 . 4  a Y1
May say bom nhiét

X két hop Y2

X, song siéu am Ys

Hinh 3. M6 hinh bai toan mé ta
qua trinh nghién cttu

Ké thira két qua nghién cttu ctia Luong Thi
Thu Huyén va cs (2023) [4], Hayati va cs (2016)
[5], Prasetyo va cs (2020) [6], Pham Van Kién
(2019) [7] vé mot s6 yéu t6 nhu sau: t, P, A anh
huong dén cac chi tiéu kinh té va ky thuat dé tién
hanh chon:

- Cac thong so dau vao géom: X, lat (°C); X, 1a
P W); X;1aA

- Cac thong so dau ra géom: Y, 1a Ar (kWh/kg);
Y, 1a dE; Y, 1a %PA.

2.3.3. Phurong phap nghién cuu tong quat

Stt dung phuong phap t6i uvu hoa téng quat
nhim xac dinh gia tri toi vu tong hop clia cac yéu
t6 dau vao cho moi thong s dau ra, lam co s& dé
cai tién quy trinh cong nghe va thiét ké thiét bi sdy
nham trién khai tng dung rong rai trong san xuat
thuc tién. Bai toan t6i uvu hoa duoc xay dung trén
co s& cac ham toan 1a cac phuong trinh héi quy,
xac dinh duoc bang phuwong phap thuc nghiém hoéi
quy c6 dang da thic bac II. St dung phan mém
Statgraphics 19 dé giai bai toan t6i wu trén cac
ham muc tiéu c6 diéu kién phu hop dac trung cia
nam Linh chi.

Ham muc tiéu: Ar — min; %PA — max; dE —
min.

2.4. Phuong phap x4c dinh mot s6 thong sd
cong nghé ctia qué trinh sdy

2.4.1. Phuong phap do dac

- Nhiét do sdy, thoi gian say, khoi luong va do
day nam Linh chi, cong suat song siéu am, dién
nang tiéu thu duoc x4c dinh bang do dac truc tiép
bang cac dung cu do.

- %PA duoc tinh theo coéng thirc sau:

PA2 % 100 (%) )

PA,

%PA =

Trong d@6: PA, 1a ham lugng Polysaccharides
ban dau (g/100 g chat kho), PA, 1a ham luong
Polysaccharides sau khi say (g/100 g chat kho).

Ham luong Polysaccharides (g/100 g chat
kho): Puogc xac dinh biang phuong phap NREL.

- bo 4m vat lieu sy tai timg thoi diém qua
trinh sdy duoc xac dinh sau khi da biét khai luong
chat kho theo cong thirc sau:

e _ Mx—Mk 4 nn
W =——.1Uy
M~

%kga/kgVLA) (2)

Trong do6: m, 1a khoi luong vat lieu siy ban
dau, (kg); m, la khoi luong vat liéu sy tai thoi
diém 1, (kg); &, la d0 4m tuong doi ctia ndm trude
tai timg thoi diém say, (%); m, la khoi luong chat
kho c6 trong vat liéu, khoi luong nay xem nhu
khong thay déi trong suét qua trinh sdy, duoc tinh
theo cong thuc:

m; =m,.(1-o0,), kg 3)

- dE duoc xac dinh theo cong thuc:

dE= \mj - Lrefl ): + (al - arefl): + (b* - bref.]: (4)

Trong d6: L., @, D¢ 12 cac gia tri chudn,
stt dung cac gia tri ban dau cta vat liéu twoi 1am gia
tri chudn. L*, a*, b* duoc st dung dé mo ta su thay
d6i mau sic trong qua trinh siy, cac gia tri L*, a*,
b* duoc do boi may do mau CHN SPEC CS-10.

- Ar duoc xac dinh qua cong thiec:

P.
Ar = — kWh/kg ®)
m
Trong d6: P 1a cong suat tieu thu trong qua
trinh sy, (kW); m, 1a khoi luong vat lieu trudc khi

say, (kg); t 1a 1a thoi gian sdy, (gio)

- A duoc tinh theo cong thiuc:

TC?F

A= T +Tom ©

Trong do: Ty 1a thoi gian phat séng siéu am;
Torr 1a thoi gian dimg phat song siéu am.

A = 0: Phat lién tuc.

A =0,2: Phat 60 giay nghi 15 giay.
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A =0,4: Phat 60 giay nghi 40 giay.

A =0,6: Phat 60 giay nghi 90 giay.

A =0,8: Phat 60 giay nghi 240 giay.

2.4.2. Phuong phap thuc nghiém

Thuc nghiém duwoc lap theo ma tran thuc
nghiém bac II Box Benlken, voi s6 thi nghiém
duoc xac dinh theo cong thitc sau: N = 2k(k - 1) +
n,=233-1)+3=15 (7)

Trong do: k 1a s6 yéu t6 dau vao nghién cuu,
n, la s6 thuc nghiém ldp mtc co so.

Ké thira két qua nghién ctru ctia Lirong Thi Thu
Huyén va cs (2023) [4] vé mot s6 yéu to nhu sau:

+X, =45 - 55°C. Khoang bién thién: AX, = 5°C;
muc co s6: X,° = 50°C; muc trén: X;* = 55°C; mtrc
dudi: X; = 45°C.

+X,= 60 - 120 W. Khoang bién thién: AX, = 30
W; mtc co so: X’ = 90 W; muc trén: X, = 120 W;
muc duoi: X, = 60 W.

+X,=0,2 - 0,6. Khoang bién thien: AX, = 0,2;

muc co sO: X;” = 0,4; muc trén: X,* = 0,6; mutc duoi:
Xy =0,2.

Bang 1. Ma tran thuc nghiém va két qua thuc nghiém

Thong s6 dau vao Thong so dau ra
STT

t (°C) P (W) A Ar (kWh/kg) dE %PA
1 50 90 0,4 44 23,4 96,6
2 45 120 0,4 5,13 24,08 90,3
3 45 60 0,4 4,37 26,07 88,42
4 55 60 0,4 4,48 25,87 94,26
5 55 90 0,6 4,27 28,49 92,38
6 55 90 0,2 4,72 25,65 93,81
7 50 60 0,2 4,31 26,94 91,94
8 50 90 0,4 4,43 23,8 96,68
9 55 120 0,4 4,79 29,61 93,55
10 45 90 0,2 4,33 30,84 91,87
11 50 60 0,6 4,84 24,21 94,13
12 45 90 0,6 4,35 27,15 98,51
13 50 120 0,6 4,83 27,85 93,95
14 50 120 0,2 4,2 29,9 96,23
15 50 90 0,4 4,37 23,36 97,28
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8. KET QUA NGHIEN CUU VA THAO LUAN

3.1. M6 hinh héi quy chi phi dién ning riéng

Moi quan hé Ar véi t, P, A duoc biéu dién boi
ham héi quy:

T T

B:P
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Standardized effect

Hinh 4. Anh hudng cac he s6 hdi quy dén Ar

Hinh 6. Anh huéng t, A dén Ar

Tt ham hoéi quy (8) va do thi hinh 4 - 7 cho
thay: Ar theo t 1a mot ham bac 2 nghich bién trong
khoang 45 < t < 55 ching t6 khi nhiét do tac nhan
say cang 16n thi Ar cho qua trinh sy cang giam vi
rut ngan thoi gian siy. Pay 1a méi quan hé ti lé
nghich. Méi quan hé nay phu hop voi két qua
nghién cttu cia Nguyén Hay (2023) [8].

Nhiét d¢ tac nhan sdy (°C) ky hiéu 1a t; cong
suat song sieu am (W) ky hiéu 1a P; ty ¢ phat song
siéu am ky hiéu 1a A dén chi phi dién nang riéng
(kWh/kg) ky hiéu 1a Ar; su thay d6i mau sic ky
hiéu 1a dE; ham luong phan tram Polysaccharides
ky hiéu la %PA.

Tuong tu, xét Ar theo P ciing cho thay, 1a mot
ham bac 2, nghich bién trong khoang 60 < P < 120
W, chung t6 khi P cang 16m thi Ar cang giam vi rut

cc } : l ]'
]
BB Cj

n n n n n
4 8 12 16 20 24
Standardized effect

o

Hinh 8. Anh hudng cac hé s hdi quy dén dE

Ar = 19,0812 - 0,3985.t — 0,070625.P + 0,0027.t
+0,000916667.t.P + 0,0000944444.P? (8)

Ham diéu kién: 45 <t <55; 60 <P <120; 0,2 <
A<0,6 (R*=0,9516).

P

Hinh 7. Anh huéng P, A dén Ar

ngan thoi gian say. Tuy nhién, khi cuong do siéu
am vuot muc gioi han nao do, thi tiéu hao dién
ning sé khong giam nita ma nguoc lai sé ngay
cang ting, day la moi quan he ti l¢ thuan. Moi
quan hé nay phu hop véi cac phan tich da néu cho
thay, P trong khoang 30 — 120 W thi Ar giam va P
trong khoang 120 — 150 W thi Ar tang.

3.2. Ham sy thay ddi mau sic

Moi quan hé dE voi t, P, A duoc biéu dién boi
ham héi quy:

dE = 206,187 - 7,00175.t - 0,124167.P -
49,9938.A + 0,0718.t% + 0,000902778.P* + 73,625.A?
©

Ham diéu kién: 45 < t< 55;60 < P < 120;0,2
< A<0,6 (R®=0,9847).

Hinh 9. Anh huéng t, P dén dE
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Hinh 10. Anh huéng t, A dén dE

Tt ham hoi quy (9) va d6 thi & hinh 8-11 cho
thay, dE chiu anh huong bac 2 bdi t, A, P. Cu thé:
dE c6 diém cuc tiéu theo nhiét do nam trong
khoang 45 - 55°C. Do d6 khi nhiét d6 tang thi thoi
gian sdy giam, mau sic it bi anh hudng, tuy nhién,
khi nhiét d¢ taing dén mot gioi han nao do thi mau
sdc bi thay déi dang ké. Diéu nay phu hop voi két
qua nghién cttu ctia Nguyén Hay (2023) [8].

Tuong tu, voi P cho thay, dE ciing c6 diém cuc
tiéu trong khoang 60 — 120 W. Do d6, khi P tang
dén diém cuc tiéu thi mau sic anh hudéng khong
dang ké, tuy nhién khi P tang dan dén 120 W thi
mau sac bi anh hudéng dang ké vi anh huéng manh
clia song siéu am.

=+
-

|

|
- -
-

s s s s s s
0 2 4 6 8 10 12
Standardized effect

Hinh 12. Anh huéng cac he s6 héi quy dén ¥PA

%PA

Hinh 14. Anh huéng t, A dén %PA

Tt ham hoéi quy (10) va @6 thi & hinh 12 - 15
cho thay, %PA chiu anh huéng bac 2 béi t va P. Cu
thé: %PA c6 diém cuc dai theo nhiét @6 nim trong
khoang 45 - 55°C. Do @6, khi nhiét d¢ tang thi thoi
gian sdy giam va %PA anh hudng khong dang ké,
tuy nhién khi nhiét do tang dan dén 55°C thi %PA
bi anh huong manh. Diéu nay phu hop voi két qua

T 77 7T A7
28 "’

———

dE

60
70 80 90 g0 110 120

P

Hinh 11. Anh huéng P, A dén dE

Tuong tu, véi A c6 diém cuc tiéu trong khoang
di ttr 0,2 - 0,6. Do d0, khi A ting dén diém cuc tiéu
thi mau sic anh huéng khong dang ké, tuy nhién
A tang dan dén 0,6 thi thoi gian sdy ting dan dén
vat lieu sdy tiép xdc lau véi t lam mau sic vat lieu
say thay doi dang ké.

3.3. Him phén trim Polysaccharides

Moi quan hé %PA véi t, P, A duoc biéu dién boi
ham héi quy:

%PA =-333,654 + 16,7157.t + 0,323173.P -
0,168985.t* — 0,00145791.P2 (10)

Ham diéu kién: 45 <t<55; 60 <P <120;0,2 <
A<0,6 R2=0,9698).

%PA

%PA

60
70 80 90 100 119 120

Hinh 15. Anh hudng P, A dén %PA
nghién ctu cia Hayati va cs (2016) [5], Pham Van
Kién (2019) [7].

Tuong tu, %PA c6 diém cuc dai theo cong suat
siéu am trong khoang 60 - 120 W. Do d6, khi cong
suat sieu am tang thi thoi gian sdy giam va %PA
anh huong khong dang ké, tuy nhién khi cong
suat siéu am tang dan dén 120 W thi %PA bi anh
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hudéng manh. Diéu nay phu hop voi két qua nghién
ctru cia Nguyén Hay (2023) [8].

3.4. Tdi wru hoa Ar, %PA, dE

Cac bai toan t6i wu duoc gidi trén may tinh
bang phan mém Statgraphics 19. Két qua giai bai
toan toi uvu da yéu t6 nhu sau:

- Ham da muc tiéu: Ar — min; %PA — max; dE
— min.

- Ham diéu kién: 45 <t<55; 60 <P <120; 0,2 <
A<0,6

- Cac thong so t6i vu: t = 49,9°C, P =103,6 W, A
=0,33.

- Cac chi tiéu t6i vu: Ar = 4,35 kWh/kg, %PA =
97,5%, dE = 23,93.

bé danh gia mic do tin cay ctia mo hinh va
xay dung phuong trinh tién doan gidm 4m hay
duong cong sdy & ché do thich hop, da tién hanh
say thuc nghiém véi cung mot ché do tim duoc &
trén, gia tri thu duoc & bang 2, 3 va duong cong
say thé hién ¢ hinh 16.

Bang 2. Thong sd qua trinh sdy thirec nghiém & ché d¢ t6i vu

Thoi gian séy Kh(?'i luong nam Am do vaAt liéAu sfiy Am do co so kho )
Linh chi (g) (kga/kg vat liéu am) (kga/kg vat liéu kho)

0 500 69,4 2,27
0,25 460 66,7 2,01
0,50 425 64,0 1,78
0,75 390 60,8 1,55
1,00 360 57,5 1,35
1,25 330 53,6 1,16
1,50 305 49,8 0,99
1,75 280 454 0,83
2,00 260 41,2 0,70
2,25 245 37,6 0,60
2,50 230 33,5 0,50
2,75 220 30,5 0,44
3,00 211 27,5 0,38
3,25 203 24,6 0,33
3,50 196 21,9 0,28
3,75 190 19,5 0,24
4,00 185 17,3 0,21
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4,25 181 15,5 0,18
4,50 178 14,0 0,16
4,70 176 13,1 0,15

Bang 3. Bang thong s6 dau ra & ché do t6i vu

Thong s6 Ar dE | %PA
df\lu ra (kWh/ kg)
Gié tri }huc 416 26,1 | 94,79
nghiém

Tt két qua thuc nghiém & ché do sdy toi uu
cho thdy, sai s6 cla gia tri thong so
dau ra Ar (kWh/h), dE, %PA (%) so voi gia tri du
doan lan luot 12 0,19 kWh/kg; 2,17; 2,71%. Sai s6
nay c6 thé do cac nguyén nhan sau: Moi truong va
diéu kién thi nghiém, thiét bi thi nghiém, qua trinh
do dac.

25

2

u kho)

& LS

ok (kg am/kg vat li

0 1 2 3 ! 5
Thoi gian séy (gio)

—e—Dudng cong sy thue nghiém

Puong cong tién doan theo mé hinh Wang va Singh

—e—Duong cong tién doan theo mé hinh Henderson va Pabis

Hinh 16. Puong cong sdy moé hinh Wang va
Singh; Henderson va Pabis

Tt két qua thuc nghiém & ché do siy toi vy,
da xay dung duoc duong cong siy theo thuc té va
phuong trinh du doan giam 4m o (kgVLA/kgVLK)
theo thoi gian t (gio) dua trén cac mé hinh Wang
va Singh; Henderson va Pabis trong qua trinh say
nam Linh chi [9].

- M6 hinh Wang va Singh:

Wy, =0,1172 - 0,9797T + 2,2284; R* = 0,9976

- Mo hinh Henderson va Pabis:

Wy, =2,3617exp(-0,601.7); R? = 0,9977

4. KET LUAN

Bang phuong phap thuc nghiém da yéu to trén
may say da xay dung duoc ham hoi quy biéu dién

quan heé gitra chi tiéu dau ra va thong s6 dau vao
nhu sau:

+ Ar = 19,0812 - 0,3985.t — 0,070625.P +
0,0027.t* + 0,000916667.t.P + 0,0000944444.P*

Ham diéu kién: 45 <t <55; 60 <P <120; 0,2 <
A<0,6 (R?=0,9516).

+ dE = 206,187 - 7,00175.t - 0,124167.P —
49,9938.A + 0,0718.t% + 0,000902778.P? + 73,625.A2

Ham diéu kién: 45 <t <55; 60 <P <120; 0,2 <
A<0,6 (R?=0,9847).

+ %PA = -333,664 + 16,7157.t + 0,323173.P -
0,168985.t* — 0,00145791.P2

Ham diéu kién: 45 <t < 55; 60 <P <120; 0,2 <
A<0,6 (R*=0,9698).

- Cac thong so toi uu: t = 49,9°C, P=103,6 W, A
=0,33.

- Céc chi tiéu toi wu: Ar = 4,35 kWh/kg, %PA =
97,5%, dE = 23,93.

biéu nay tao nén tang cho viéc thiét ké va cai
tién may sdy nam Linh chi hién dai.
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THE EXPERIMENTAL STUDY TO DETERMINE THE OPTIMAL DRYING CONDITIONS
FOR GANODERMA LUCIDUM USING HEAT PUMP DRYING TECHNOLOGY WITH
ULTRASONIC ASSISTANCE

Luong Thi Thu Huyen', Le Quang Huy?,

Nguyen Chi Thien!, Nguyen Hay? Nguyen The Bao®

!Cao Thang Technical College

?Ho Chi Minh city University of Agriculture and Forestry
JUniversity of Technology, Vietnam National University, Ho Chi Minh city
Summary

Reishi Mushroom (Ganoderma lucidum) is a valuable resource with numerous health benefits for
humans. Reishi mushrooms contain precious bioactive compounds, including Polysaccharides,
triterpenoids, peptides and other antioxidants, with Polysaccharides being the primary
component that contributes to the value of the mushroom. The research results have developed
regression equations: Ar = 19.0812 - 0.3985.t - 0.070625.P + 0.0027.t> + 0.000916667.t.P +
0.0000944444.P%, dE = 206.187 - 7.00175.t - 0.124167.P — 49.9938.A + 0.0718.t*> + 0.000902778.P? +
73.625.A%, %PA =-333.654 + 16.7157.T + 0.323173.P — 0.168985.T% - 0.00145791.P? and determined
the optimal parameter settings: t = 49.9°C, P =103.6 W, A = 0.33 with Ar = 4.35 kWh/kg, %PA =

97.5% and dE = 23.93.

Keywords: Heat pump, ultrasonic waves, Ganoderma mushrooms, Polysaccharides, ultrasonic

transmission interruption rate.
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